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TAKE  YOUR  PICK  FROM  .  .  . 

THE  SPRAGUE  TRANSI  •  LYTIC*  FAMILY 


of  electrolytic  capacitors 
for  every  requirement  In  entertainment  electronics  > . . 
pocket  radios,  wireless  microphones,  miniature  tape 

recorders,  auto  receivers 


Lim-LYTIC* 

CAPACITORS 

Sprague’s  new  Type  30D  her¬ 
metically*  sealed  aluminum- 
encased  capacitors  are  the  tiniest 
electrolytic  capacitors  made  to 
date  . . .  and  their  performance  is 
better  than  ever.  Their  remark¬ 
able  reliability  is  the  result  of  a 
new  manufacturing  technique  in 
which  all  the  terminal  connections 
are  welded.  No  pressure  joints  .  .  . 
no  "open  circuits"  with  the  passage 
oj  time.  And  check  this  for  ultra- 
low  leakage  current:  for  a  2  /if, 
6  volt  capacitor  .  .  .  only  l.O  /la 
max.;  for  a  300  /if,  6  volt  ca¬ 
pacitor  . . .  3.5  /ia  max.!  Engineer¬ 
ing  Bulletin  No.  3110  gives  the 
complete  story.  85°C  standard. 


VERTI-LYTIC* 

CAPACITORS 

These  space-saving  Type  89D 
'lytics  are  designed  for  easy  man¬ 
ual  upright  mounting  on  printed 
wiring  boards.  Keyed  terminals 
assure  fast  mounting  and  correct 
polarity.  No  reworking  on  the 
assembly  line.  Sturdy  pre-molded 
phenolic  shell  with  resin  end-fill 
gives  excellent  protection  against 
drying-out  of  the  electrolyte  or 
the  entry  of  external  moisture. 
The  phenolic  case  eliminates  the 
necessity  for  additional  insula¬ 
tion.  Reasonably  priced  for  mass 
production  receivers.  Engineer¬ 
ing  Bulletin  No.  3060  lists  stand¬ 
ard  ratings  with  performance 
data. 


CAPACITORS 

The  ideal  capacitor  for  appli¬ 
cations  where  low  cost  is  the  pri¬ 
mary  consideration  is  Sprague’s 
new  Type  3 ID.  Capacitor  sec¬ 
tions  are  housed  in  a  dense  steatite 
tube  with  resin  end-fill  to  provide 
protection  against  mechanical 
damage  and  atmospheric  humid¬ 
ity.  This  construction  results  in 
excellent  capacitor  performance 
for  all  miniature  electronic  cir¬ 
cuits.  Size  for  size,  they’re  the 
smallest  the  industry  has  pro¬ 
duced  in  a  ceramic-cased  alu¬ 
minum  electrolytic.  Engineering 
Bulletin  No.  3010  details  stand¬ 
ard  ratings  and  gives  perform- 
mance  data. 


FOR  ■NOINBBRINO  ■ULCRTINR  on  the  industry’s  first  com¬ 
plete  line  of  subminiature  aluminum  electrolytic  capacitors, 
write  Technical  Literature  Section,  Sprague  Elearic  Com¬ 
pany,  35  Marshall  Street,  North  Adams,  Massachusetts. 


SPRRGUE 
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CAPACITORS  •  RESISTORS  •  MAGNETIC  COMPONENTS  •  TRANSISTORS  •  INTERFERENCE 
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CIRCLE  I  READERS  SERVICE  CARD 


Prtcition-broachad  aluminum  chan-  Only  1'  of  sida  space  raquirad  yat  Full  axtanalon  of  tiiding  unit  — all  Light,  yat  strong  and  durabla.  Grant 
nals,  with  stainless  steal  balls  ra-  350  lb.  load  carried  efficiently  and  parts  exposed  for  immediate  sarv-  4000  slides  can  appreciably  halp 
suits  in  smooth,  silent  action.  safely.  icing  and  maintenance. 


suits  in  smooth,  silent  action. 


icing  and  maintananca. 


4000  slides  can  appreciably  halp 
your  servicing  and  maintananca  lob. 


Grant  Industrial  Slides  are  equipped  with  patented  self-retaining  bali  spacers 

We'll  be  happy  to  send  you  full  data  on  the  new  4000  Slide. 

GRANT  INDUSTRIAL  SLIDES 


Grant  Pulley  &  Hardware  Corporation  •  23  High  St.,  West  Nyaek,  N.Y.  •  S44  Long  Beach  Ave.,  Los  Angeles  21,  Cal. 
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SLIDE 


Newest  of  the  Grant  Industrial  Slides.  With  reasons 
to  specify  a’plenty!  The  4000  Slide  has  been  sub¬ 
jected  to  the  most  rigorous  shock,  vibration,  spray 
and  life  tests  — and  more  than  qualified  in  each 
category. 


If  you  need  a  clear  anodized  aluminum,  ball  bear¬ 
ing  slide,  which  is  corrosion-resistant,  and  re¬ 
quires  only  1”  side  space  for  up  to  350  lb.  load 
capacities  yet  is  lightweight  and  structurally  rigid 
and  available  in  lengths  from  10"  to  40"— you'd 
do  well  to  investigate  Grant's  4000  Slide  — latest 
product  of  the  nation’s  leading  slide  manufacturer. 


HALF  SIZE  SECTION 


High  Current  DC  Supplies 


^ODCt  Mit36-30 


ic^si  Response... High  Amps... External  Sensing 


Two  new  high  output  power-packs — with  response  time 

ranging  from  0.2  second  down,  and  with  transistorized 
power  reference  and  magnetic  amplifier  power  control 
circuits  for  trouble-free  performance — that’s  just 
part  of  the  story  on  these  Sorensen  E>C  power  supplies. 

One  model  supplies  an  output  of  18  to  36  VDC  at  125 
amperes;  the  other  provides  5  to  36  VDC  at  0  to  30  amps. 
Zener  diode  reference  circuit  assures  sharper  regulation, 
and  the  external  sensing  provision  puts  this  precise 

control  at  the  load.  Silicon  power  rectifiers  and  complete 
tubeless  design  increase  durability  with  reduction 
in  weight — and  greater  saving  in  size. 

Get  the  fuU  story  from  your  Sorensen  representative. 

Or  write  for  technical  data. 


M»d.l  MA28-12S 

Output;  28  VDC  nominal  at  1 25  amps. 

Regulation  accuracy  of  ±  0.2%. 

Rippla:  <  1%  RMS 

Response  time:  <0.1  SKond. 

Choice  of  input  voltage:  208.  230, 
or  460  VAC.  3-phas.. 

Weight:  225  pounds. 

SI  160  In  cabinet.* 

Model  MR36-30 

Output  current.  0-30  amps,  output 
voltage.  5  to  36  VDC  continu¬ 
ously  adiustable  with  regulation 
±  0.25%  against  line  or  load 
change. 

Response  time  of  0.2  second. 

Input  voltage-  105  to  125  VAC. 
single-phase. 

Weight:  175  pounds. 

S890  in  cabinet. 

Also  supplied,  as  Model  MR36-15, 

with  output  current  0-15  amps. 

otherwise  similar. 

Weight:  100  pounds. 

$495  in  cabinet. 


*230  AND  300  AMP 
MODCIS  NOW  AVAIIABIE 


CONTROLLED  POWER  FOR  RESEARCH  AND  INDUSTRY 


SORENSEN  &  COMPANY.  INC. 

Richards  Avenue,  South  Norwalk.  Connecticut 


29.  Zurich,  Switzerland,  for  all  products  including  50  cycle.  220  volt  equipment 


In  Europe,  contact  Sorensen-Ardag.  Ei 
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YOUR  COMPUTER  DESIGNS  BETTER 
YOUR  COMPUTERS  PERFORM  BETTER 

when  you  draw  from  this  comprehensive 


range  of 


IrAYTHEOn 


>  RELIABLE 


COMPUTER  TRANSISTORS 

Raytheon  PNP  Germanium  Fusion-Alloy  Computer  Transistors  are 
approved  for  military  applications.  They  provide: 

•  HfE  control  at  high  currents  •  High  voltage  ratings 
•  Fast  switching  speed  •  Low  saturation  resistance 
•  Temperature  range  — 65°C  to  +85°C 


ONE  AMPERE,  HIGH  FREQUENCY,  HIGH  GAIN  SWITCH 


HUH 

JEFEC-aO 

Type 

Punch 

through 

Voltage 

min. 

^ab 

ave. 

Me 

Hrci 

ave. 

Is  ss  1  mA 

VcB  =  -0  2Sv 

Hrca 

ave. 

lOmR 

Vc,  =«  -0  35v 

Ico 

at-12v 

mA 

jmMQH 

■ 

■ 

H| 

II 

■ 

1 

I 

2N658 

-24 

m 

50 

40 

2.5 

60 

12 

■ 

1 

■ 

2N659 

-20 

10 

70 

55 

2.5 

65 

12 

1 

2N660 

-16 

15 

90 

65 

2.5 

70 

12 

I 

Uh 

2N66i 

-12 

20 

120 

75 

2.5 

75 

12 

■ 

2N662 

-16 

8 

30  mm 

50 

2.5 

65 

12 

MEDIUM  CURRENT,  HIGH  FREQUENCY,  HIGH  GAIN  SWITCH 


Vet 

fab 

Hrc, 

Hri, 

Rite  Time* 

JETEC-30 

ave. 

ave. 

Type 

max. 

ave. 

!■  K  1  ma 

Is  »  10  ma 

mai. 

volts 

Me 

Vc«  «- 0.25V 

Ves  »  -  0.35V 

^sec 

2N404 

-24 

30  min. 

- 

- 

2N425 

-20 

30 

18 

1.0 

2N426 

-18 

40 

24 

0.55 

2N427 

-15 

11 

55 

30 

0.44 

2N428 

-12 

17 

80 

40 

0.33 

'  so  ma,l(,  = 

5  ma;  Rl  = 

200  tl;  la,  =  5  mi 

i;  Grounded  Emitter  Circtiii 

Vet 

fab 

Mri, 

Hrt, 

Rite  Time* 

SUBMIN 

ave. 

ave. 

Type 

max. 

ave. 

Is  K  1  ma 

Ib  K  lOma 

max. 

volts 

Me 

Vee  «  -  0.2SV 

VcK  --0  3SV 

wtec 

CK2S 

-20 

Hi 

30 

18 

1.0 

CK26 

-18 

40 

24 

0.55 

CK27 

-15 

Bn 

55 

30 

0.44 

CK28 

-12 

Kl 

80 

40 

0.33 

Ratings  at  25°C  unless  otherwise  indicated  Illustrations  Ktual  size 

Dissipation  Coefficients  For  1  Amp  types,  in  air  0.35‘C/mW,  infinite  sink  0  IS^C/mW 

for  med  current  types,  in  air  ().40“C/mW,  infinite  sink  0  r8”C/mW 
For  submin  types,  in  air  0  75“C/mW,  infinite  sink  0.35°C/mW 


designed  for 
computer  service 


made  for 
computer  service 


tested  for 
computer  service 


proved  dependable  in 
computer  service 


PREFERRED  by 
computer  designers 


in^SEMICONDUaOR  DIVISION 

Silkon  and  Carmanium  Diodof  ond  Transktara  •  Silicon  R«ctifl«rt 


Nawtan,  Matt . 55  ChaptI  St..  BIgtIow  4-7500 

Now  Yarkt . 589  Fifth  Ave.,  Plaza  9-3900 

Chicago:  9501  Grand  Avc.,  Franklin  Park,  NAtionol  5-6130 
iat  Angalat:  5236  Santa  Monica  8lvd.,  NOrmondy  5-4231 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 


COURSFS  IN  RADIOISOrOPK  I  FCHNigUFS 
will  lx;  given  by  the  Atoniie  Fnerg)  Commis¬ 
sion  next  year  for  industrial  scientists  and  engi¬ 
neers.  Six-week  courses  will  start  Feb.  9  and 
Apr.  6  at  the  Oak  Ridge  Institute  of  Nuclear 
Studies  (ORINS).  .\KC  says  U.S.  business  is 
estimated  to  Ik  saving  millions  of  dollars  a 
year  by  using  radioisoto|x,‘s,  but  that  “less  than 
one  percent  of  the  manufacturing  and  mining 
concerns  in  the  nation  now  are  using  these 
materials.”  Commi.ssion  expects  increases  in 
these  industrial  uses  in  the  next  few  years.  New 
courses  will  stress  plant  applications  of  radioiso¬ 
topes,  including  standard  technic|ucs  of  wear 
measurement,  thickness  measurements  and 
radiography,  plus  other  techniques  applicable  in 
industr\-. 

SrFRFOFUONIC:  radio  BR0AIX:ASI  system 
using  a  single  channel  is  Ix'ing  tested  in  Ikitain 
by  the  BBC  and  Flcctric  and  Musical  Indus¬ 
tries.  the  devclo|X’r,  FAII’s  I’crcival  system, 
said  to  have  undergone  preliminary  tests  suc¬ 
cessfully,  sends  out  a  composite  signal.  A  small 
p;irt  of  the  channel  is  used  to  convey  direction 
information  which  routes  the  sound  signal  at 
the  rcxciving  end.  Most  of  the  channel  is 
used  to  carrs'  the  regular  broadcast  signal.  One 
additional  unit  is  used  along  with  standard 
transmitter.  Firm  says  range  of  the  transmitter 


is  not  appreciably  reduced  and  that  stereo  re¬ 
ceiver  would  be  “only  slightly  more  complex” 
than  an  ordinars-  set.  System  is  compatible, 
allowing  normal  reception  on  an  ordinary  home 
radio  set.  Declares  FMI:  “Should  the  BBC 
after  further  tests  decide  to  adopt  the  system, 
it  is  envisaged  that  suitable  receiving  sets  may 
lx.'  on  sale  to  the  public  in  about  a  year’s  time.” 

M(K)N  POM'F.R  S'l'A'l  ION  elements  were  re¬ 
cently  demonstrated  by  W’cstinghousc  Flcctric’s 
.  Astronautics  Institute  in  Baltimore.  Proposed 
lunar  |X)wer  plant  would  take  adsantage  of  the 
6,(XK)  kw  jK-r  acre  that  the  sun  at  zenith  [xmrs 
onto  the  nuxin.  It  would  consist  of  acres  of 
thin  plastic  sheets  coated  with  about  one  micron 
of  phot(X.'missive  material.  .\  thin  wire  mesh 
is  placed  parallel  to  the  sheet,  slightly  separated 
and  insulated  from  it.  Load  would  complete 
the  circuit  between  emitter  and  mesh.  W'est- 
inghousc  says  weight  of  the  plant  is  atx)ut  three 
|x)unds  |x.'r  kilowatt.  ho|x.‘s  to  reach  solar  con¬ 
version  efficiencies  of  2s  percent.  Moon’s  lack 
of  atmosphere  makes  jxissible  such  a  grand- 
scale  solar  cell,  since  elements  don't  have  to 
Ik-  lx)ttled  np  in  a  tube  envelope.  Internal 
ini|Kdances  of  cells  now  being  demonstrated 
have  been  cut  from  a  megohm  to  about  ^.(X)() 
ohms,  with  new  structures  showing  promise  of 
reductions  to  0.1  ohm. 


FIGURES  OF  THE  WEEK 


RECEIVER  PRODUCTION 


(Source;  EU) 

Sept.  5, '58 

Au».  29,  '58 

Sept.  6, '52 

Television  sets,  total . 

. . .  112,992 

134,921 

146,288 

Radio  sett,  total  . 

...  270, ()04 

293,771 

256,292 

Auto  sets . 

91,738 

68,928 

58,451 

STOCK  PRICE  AVERAGES 

(Source:  Standard  &  Poor's)  Sept.  10,  '58 

Sept.  3, '58 

Sept.  11,  '52 

Radie-tv  &  electronics  ... 

....  56.64 

54.62 

46.81 

Radio  broadcasten . 

....  68.71 

67.86 

58.06 
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FIGURES  OF  THE  YEAR  Total*  for  frst  s '«  months 


1958 

1957 

Percent  Changt 

Receiving  tube  tales . 

190,406,000 

221,175,000 

—13.9 

Transistor  production  . 

18,452,324 

11,199,000 

•f64.5 

Cathode-ray  tube  sales  , . . . 

3,689,587 

4,814,659 

—23.4 

Television  set  production  . . . 

2,167,930 

2,722,139 

-20.4 

Radio  set  production . 

4,961,293 

7,187,294 

-31.0 

TV  set  sales . 

2,177,652 

2,810,403 

-22.5 

Radio  set  tales 
(excl.  auto) . 

2,964,333 

3,638,969 

-18.5 

MORE  FIGURES  NEXT  PACE 


Electronics  stars  in  ISA  exhibits  and  tech  sessions,  looking  towards  .  . 


More  Process  Controls 


Instrument  Society  conference  speakers  delve 
into  advantages  of  electronic  aids 


Heavy  emphasis  on  application  of 
electronics  to  process  control  was 
the  feature  of  Instrument  Society 
of  America’s  annual  conference  and 
trade  show  in  Philadelphia  last 
week. 

Speaker  after  speaker  underlined 
the  growing  use  of  electronics  in  the 
automatic-control  field,  or  pointed 
out  ways  tO  make  electronic  equip¬ 
ment  better. 

There  seemed  to  lie  general 
agreement  that  computers  are  the 
handiest  answer  yet  for  optimizing 
processes. 

Some  reports,  particularly  on 
analysis  of  huge  masses  of  data, 
pointed  out  the  practical  necessity 
of  using  computers.  Others  felt 
that  instruments  themselves  are  not 
the  problem  so  much  as  industry’s 
acute  need  for  a  large,  semiprofes¬ 
sional  corps  of  trained  instrument 
technicians  to  keep  the  new  gear 
in  working  order. 

A  bright  note  in  the  show,  for 
computermen,  was  evidence  of  in¬ 
creasing  use  and  greater  perfection 
of  gas  chromatography.  Its  ready 
analysis  of  prcKcss  streams  is  assist¬ 
ing  adoption  of  automatic  control. 
The  ISA  devoted  one  of  the  largest 


all-day  workshops  to  computers.  It 
covered  subjects  from  basic  circuits 
to  advanced  applications. 

ITicre  was  little  cause  for  com¬ 
plaining  about  the  business  climate. 
To  the  customers,  instruments  arc 
a  way  of  reducing  some  manufac¬ 
turing  costs  and  stretching  the 
utility  of  equipment. 

Prior  to  the  show.  Business  and 
Defense  Services  .Administration 
predicted  a  $1.5  billion  second  half 
m  1958.  Sales  had  slipped  to  $1.5 
billion  in  the  first  half  after  a  $3 
billion  annual  rate  in  1957. 
BDSA  expects  an  average  annual 
gain  of  1 5  percent  a  year. 

Conference  theme  was  “Instru¬ 
mentation  in  the  Space  Age.’’  It 
was  carried  out  by  such  exhibits  as 
a  model  of  the  Navy’s  rocket  test 
facilities  at  Lake  Denmark,  N.  |. 
I’he  Navy  also  showed  its  carrier 
flight-deck  communications  sys¬ 
tem:  transceiver  helmets  for  f)cr- 
sonnel  and  a  tv-coordinated  net¬ 
work  of  controls. 

Of  the  more  than  400  exhibitors, 
a  fourth  were  electronics  firms. 
Most  of  the  other  booths  had  at 
least  a  few  tubes  in  equipment 
shown,  TTiere  were  11  computers 


on  the  Convention  Hall  floor.  Ex¬ 
hibit  space  totaled  84,000  square 
feet.  Attendance  was  estimated  at 
50,000  persons. 


Numbers  Run 
New  System 


DETROIT — 550  members  of  IRE 
and  AIEE,  here  for  the  seventh 
annual  conference  on  Industrial 
Electronics,  heard  panelists  discuss 
new  developments  ranging  from  a 
numerically  controlled  manufac¬ 
turing  system  to  electronic  inspec¬ 
tion  of  beer. 

TTic  manufacturing  svstem,  de¬ 
scribed  by  Bendix’s  Ered  E.  Booth, 
includes  a  computer  group  that 
tapes  in  binary  code  the  geometrv 
and  cutting  requirements  of  the 
piece  to  be  made.  The  tape  then 
generates  pulse  trains,  coordinated 
to  represent  cutter  path  in  three- 
dimensional  space.  They  control 
the  machine  tool. 

N.  W.  Schubring  of  GM’s 
research  staff  detailed  a  multi¬ 
channel  swcpt-frcquency  casting 
tester  used  in  the  company’s 
foundries.  It  can  handle  more 
complicated  castings  because  swept 
frequency,  continuous  wave,  forced 
vibration  obviates  mode  interaction 
to  permit  evaluation  by  comparison 
of  sonic  energy  absorption  spectra. 

H.  L.  ShiK'maker  showed  how 
Hughes  Products’  elementary  digital 
computer  building  blocks,  first  de¬ 
signed  to  control  a  small-lot  prinluc- 
tion  line,  are  suitable  for  construct¬ 
ing  any  special  or  general  purpose 
computer  of  150  to  160  kc  clock 
rate. 

Another  paper  by  Kurt  Enslein 
of  Brooks  Research  described  the 
building  of  a  pulse-train  controlled 
scanner  that  reads  500  pairs  of 
(Continued  on  p  12) 


TRANSISTOR  AND  TUBE  SALES,  MONTHLY 


(Soiree:  EIA)  >inc,  '58  May,  '58  June,  '58 

Transistors,  units .  3,558,094  2,999,198  2,245,000 

Transistors,  value  .  $8,232,343  $7,250,824  $6,121,000 

Receiving  tabes,  uniU .  36,270,000  36,540,000  35,328,000 

Receiving  tubes,  value .  $31,445,000  $31,406,000  $31,314,000 

Picture  tubes,  uniU .  725,846  560,559  1.104,013 

Picture  tubes,  value .  $14,203,381  $11,237,147  $19,981,319 
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EMPLOYMENT  AND  EARNINGS 


(Source:  Bur.  Labor  Statistics) 

July,  '58 

June,  '58 

July.  '51 

Prod,  workers,  comm,  equip.. . . 

339,400 

319,700 

395,600 

Av.  wkly.  earnings,  comm . 

$81.35 

$82.39 

$75.85 

Av.  wkly.  earnings,  radio . 

S80.99 

$81.60 

$75.03 

Av.  wkly.  hours,  comm. . 

39J 

39.8 

39.1 

Av.  wkly.  hours,  radio . 

J9.7 

40.0 

394 
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CIRCLI  S  RIADCRS  SERVICI  CARD 


LAMBDA  POWER  SUPPLIES 

LAMBDA  ELECTRONIC6  CORP.,  11-11  131  STREET.  COLLEGE  POINT  56,  N.  V. 


Guaranteed!  around-the-clock  performance  for  five  years 

Freedom  from  worry  about  major  maintenance  or  extensive  replacement  for  five  full  years. 

That’s  the  guarantee  given  with  every  Lambda  power  supply— the  first  such  guarantee 
in  the  electronics  industry.  It  proves  the  point  engineers  keep  making  in  preference  studies ; 

When  operating  conditions  make  dependability  a  ’’must/*  they  specify  Lambda . . . 

To  check  the  full  Lambda  line  yourself,  send  for  the  latest  catalog. 
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PERMANENT  MAGNET 
MATERIALS 

Cast  Alnico 
Sintered  Alnico 
Amox 
Vicalloy 
Cunife 

HIGH  PERMEABILITY 
MATERIALS 

Tape  Wound  Cores 
of  Deltamax, 
Supermalloy, 
Permalloy  or 
Supermendur 

“C"  and  “E"  Cores  of 
Silectron 

Bobbin  Wound  Cores 

Molybdenum  Permalloy 
Powder  Cores 

Iron  Powder  Cores 
Sendust  Powder  Cores 

Special  Magnetic 
Materials 


Write  jor  the 

TECHNICAL  DATA  YOU  NEED 

Bullttin  TC-101  A  .  .  .  Properties,  standard 
sizes,  etc.  of  Arnold  Tape  Wound  Cores. 
BuliRtin  PC-104  B  .  .  ,  Complete  data  on 
Mo-Permalloy  Powder  Cores. 

Bulletin  6C-106  C  .  .  .  General  information 
on  Magnets  and  other  Arnold  products. 
Bulletin  SC-107  .  .  .  Covers  the  complete 
range  of  Arnold  Silectron  Cores. 

Bvlletin  TC-108  A  .  .  .  Describes  proper¬ 
ties,  etc.  of  Arnold  Bobbin  Cores. 

Bulletin  f  C-109 . . .  Essential  data  on  Arnold 
Iron  Powder  Cores. 

Bulletin  SDC-110  . . .  Information  on  prop¬ 
erties,  etc.  of  Sendust  Powder  Cores. 
Bulletin  TC-113  A  .  .  .  Technical  data  on 
Arnold  Supermendur  Tape  Cores. 

ADDRESS  DEPT.  E-89 


PRECISION-TESTED  TO  YOUR  SPECS  .  .  . 

Arnold  can  answer  all  your  requirements  from  the  most  complete  line  of  magnetic 
materials  in  the  industry.  In  addition,  Arnold  maintains  complete  control  over 
every  production  step  from  raw  materials  to  final  performance  testing. 

Typical  test  facilities  for  Mo-Permalloy  Powder  cores  are  illustrated  above. 
Precision  equipment  and  methods  such  as  these  accurately  measure  the  properties 
of  all  Arnold  magnetic  materials  before  shipment,  insuring  ultimate  performance 
in  accordance  with  your  specifications. 

As  your  source  of  magnetic  materials,  Arnold  offers  the  vital  advantages  of 
long  experience,  undivided  responsibility,  and  unequalled  facilities  for  quality 
control  throughout  production.  •  Let  us  supply  your  needs!  ^ 

'  Arnold  Engineering  roMPANvl 

Main  Office  &  Plant:  Marengo,  Illinois  f 

ReiMtIi  PmIRc  Mvlfluii  Pl«nti  441  EmI  *1tl  L*i  An««l«t,  C«W. 

Diitrkt  Sales  Offices: 

Boitoni  49  Woltham  St.,  L«xln9ton  lot  Ang«ht:  3450  Wihhir*  Slvd. 

New  Torir:  350  Fifth  Ave.  Wa$hington,  D.C.t  1001-1  Sth  St,,  N.W,  * , 


. . .  the  most  complete  line  in  the  industry 


...where  space  and  quality  are  at  a  premium 


SUBMINIATURE 
DISCAPS 

Type  SM 


.02 

Maximum  diameter 
on  disc  .675.  Meat* 
ure  between  leads 
.37  5.  Available 
+  80%  —20%. 


.01 

Maximum  diameter 
on  disc  .510.  Meos* 
ure  between  leads 
.375.  Available 
f80%  —20%  or 
±20%. 

Maximum  diameter  on  disc 
.390.  Measure  between  leads. 
.250.  Tolerance  ±20%. 


Maximum  diameter  on  disc 
.235.  Measure  between  leads 
.1  50.  Capacities  available 
ore  800  and  .001.  Tolerance 
GMV. 


.005 


•  Maximum  diameter  on  disc 
.0015  .290.  Meosure  between  leads 
.250.  Tolerance  GMV. 


Type  SM  DISCAPS  answer  the  need 
for  ceramic  capacitors  in  the  small 
sizes  required  in  many  applications. 
These  miniature  capacitors  are  man¬ 
ufactured  without  sacrifice  of  quality, 
dependahility,  or  electrical  character¬ 
istics  built  in  all  DISCAPS. 

Write  for  information. 


SPECIFICATIONS 

POWER  FACTOR:  1.5%  Max.  (q  1  KC  (initial) 
WORKING  VOLTAGE:  500  V.D.C. 

TEST  VOLTAGE  (FLASH):  1000  V.D.C. 

LEADS:  No.  22  tirmed  copper  (.026  dio.) 

INSULATION:  Durez  phettolic  ('A'  mox.  on  leads) 
— vacuum  waxed 

STAMPING:  RMC— Capacity— ZSU 

INITIAL  LEAKAGE  RESISTANCE:  Guaranteed 
higher  than  7500  megohms 

AFTER  HUMIDITY  LEAKAGE  RESISTANCE: 
Guaranteed  higher  than  1000  megohms 


RADIO  MATKRIALS  COMRAMV 

•  eivisieM  or  ».  ■.  mxiiost  x  ce..  inc. 
ciNiixi  orricst  ssss  m.  x>«.,  cki««c*  IS.  in. 

t-.  SMC  e»»«i««  l.«l»«l.«l»  <m 

FACT9Rii3  AT  CHICAGO,  lU.  AN*  ATTICA,  IN*. 
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strain  gage  inputs  at  a  repetition 
rate  of  50  per  seeond.  Output  is 
connected  to  a  digital  voltmeter 
which  feeds  an  IBM  727  tape  unit. 
Data  is  processed  by  IBM  704. 

And,  oh  yes,  the  beer.  RCA’s 
soft  drink  inspection  system  was 
modified  to  double-channel,  sup¬ 
pressed  carrier  for  stabilitv  to  meet 
the  additional  problems  inherent  in 
beer  inspection. 

Railroads  Laud 
Electronics  Uses 

Pi'Bi.ic.vTioN  this  Fall  of  Proceed¬ 
ings  of  the  B4th  annual  session  of 
the  Communications  Section  of  the 
Association  of  American  Railroads 
indicates  the  considerable  amount 
of  electronics  activity  involved  in 
running  a  railroad. 

Statement  by  the  association’s 
vice  president  of  Operations  and 
Maintenance  indicates  that  “capi¬ 
tal  expenditures  since  WW  II  have 
averaged  over  $1  billion  a  year  for  ' 
modern  equipment,  improved  sig¬ 
naling,  automation  of  yards  and 
.  •  .  communications.” 

Other  statements  indicate  that 
electronics  is  proving  useful  in 
stretching  railroad  dollars  under 
present  conditions  of  increased 
costs  and  lower  revenues. 

Data-processing  is  pointed  to  as 


Wavy  Whiskers 


Air  jet  blowing  on  metal  whisker  forma¬ 
tion  in  potentiometer  causes  whiskers 
to  wave  and  shimmer  in  the  backlight, 
allowing  Boeing  Airplane  Co.  tech¬ 
nician  to  view  them  with  stereo- 
microscope.  Whiskers  are  thin  crystals 
which  grow  from  metal  surfaces 


WASHINGTON  OUTLOOK 

The  .\dmimsi ration’s  official  forecast  of  a  $1 2.2-billion  Federal  budget 
deficit  this  year— and  its  pnilicy  of  sweating  the  deficit  down  as  much  as 
possible- lies  behind  all  the  talk  you  hear  about  a  new  hold-down 
on  defense  exjx'nditurcs  and  other  big  spending  programs. 

M’^ashington  expects  an  upturn  in  cor|X)rate  tax  receipts  and  other 
revenues.  It’s  firmly  believed  here  that  the  recession  is  over  and  a  general 
economic  recovery  is  underway.  But  the  key  to  a  future  balanced  budget 
still  lies  in  the  administration’s  ability  to  trim  its  expenditures. 

So  the  decision  has  been  made  to  spend  little,  if  any,  of  the  extra 
S950  million  Congress  appropriated  to  the  Defense  Dept,  this  year  for 
military'  production  and  development. 

Included  in  this  sum  are  funds  for:  extra  Army  procurement  of 
equipment  and  missiles;  speeding  np  eonstrnction  of  three  nnclear- 
powered  Regulus  submarines;  adding  four  nuclear-powered  Polaris 
IRBM  subs  to  the  fleet;  construction  of  two  destroyer-escort  vessek; 
accelerating  development  of  the  Polaris  missile;  expanding  the  Air 
Force’s  Minuteman  and  Hound  Dog  missile  projects;  pr()duction  of 
additional  KC-n5  jet  tankers  and  troop-carrier  planes;  increasing  the 
Defense  Dept.’s  share  of  costs  for  VORTAC. 

Just  because  these  additional  funds  arc  not  committed  this  year 
doesn’t  mean  that  the  money  goes  down  the  drain.  The  funds  could  be 
spent  next  year. 

•  The  still-increasing  role  of  electronics  producers  is  evident  in  the 
Pentagon’s  latest  listing  of  leading  defense  prime  contractors. 

Of  the  15  top  companies  awarded  contracts  during  1957,  11 
are  either  primarily  electronics  manufacturers  or  arc  Anns  heavily 
involved  in  electronics  work. 

During  the  Pentagon’s  previous  reporting  period  (January  1955 
to  June  1957)  eight  of  the  top  15  companies  were  in  elec¬ 
tronics  production  and  development. 

Tire  top  electronics  makers— and  their  ranking:  General 
Dynamics,  no.  1,  Sl.l  billion  worth  of  new'  orders  in  1957;  GF,. 
no.  2,  S916.4  million;  AT&'T,  no.  5,  $471  million;  North  ,\mer- 
ican  Aviation,  no.  6,  S456.1  million;  Hughes  Aircraft,  no.  7, 
$569.2  million;  Martin  Co.,  no.  9,  $522.1  million;  G.M.,  no.  10, 
$508.7  million;  Northrop  Aircraft,  no.  12,  $265.5  million;  IBM. 
no.  15,  $255.4  million;  Sperry  Rand,  no.  14,  $246  million;  Bendix. 
no.  15,  $225.5  million.  (Tlicsc  figures  include  the  companies’ 
nonelectronic  projects.) 

•  Recent  Congressional  overhaul  of  Federal  excise  tax  legislation 
eliminates  the  knotty  problem  of  defining  what  is  “entertainment 
type”  electronic  consumer  equipment. 

All  radios,  tv  sets  and  phonographs  are  now  subject  to  10  per¬ 
cent  excise  tax.  Exemptions  arc  specifically  permitted  for  sets 
which  arc  components  of  any  articles  exported  or  sold  to  state 
or  local  governments  or  nonprofit  educational  organizations. 
Senate  committee  struck  out  all  reference  to  magnetic  recorders, 
tape  or  wire,  thus  exempting  them  from  the  tax. 
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VERSATILE,  RELIABLE  DIGITAL  INSTRUMENTS 


DC  digital  voltmeter 
offers  maximum  reliability. . . 

0.01  Vo  accuracy. . . 
single-plane  readout. . .  and 
many  other  advanced  features 


All-electronic 
digital  voltmeter 
measures  millivolt  to  kilovolt 
with  0.1  °/o  accuracy 
. . .  costs  only  ^960 


The  Model  401  offers  four-digit  display  with  automatic  polar¬ 
ity  indication  and  decimal  placement . . .  Measures  .0001 
to  999.9  volts  with  0.01  %  ±  I  digit  accuracy . . .  Adjustable 
least  digit  sensitivities  of  .1,  1,  10  mv... Average  reading 
time  of  one  second . . .  Continuous,  automatic  standard  cell 
calibration  ...  10  megohms  input  impedance  .  . .  Built-in 
printer  drive ...  10  times  longer  readout  bulb  life ...  No  cir¬ 
cuitry  in  readout  for  easy  remote  mounting . . .  Extra  long 
relay  life  assured  by  DC  drive.  Price:  $2100. 

KIN  TEL  manufactures  an  exceptionally  complete  line  of 
digital  instruments.  These  “digital  building  blocks'*  permit 
measurement  of  AC,  ohms,  ratios,  and  automatic  scanning 
of  multiple  inputs.  Preamplifiers  increase  digital  voltmeter 
sensitivity  to  1  microvolt  DC  and  10  microvolts  AC.  Buffers 
permit  driving  typewriters,  tape  punches  and  printers.  Com¬ 
plete  digital  systems  for  data  logging,  missile  checkout  and 
production  testing  are  also  available.  The  reliability  and 
accuracy  of  these  precision  instruments  are  assured  by 
KIN  TEL’s  experience  in  designing  and  manufacturing  more 
than  10,000  “standard  cell  accuracy’’  DC  instruments.  Sales 
and  service  are  available  nationwide,  kin  tel  Engineering 
Representatives  in  all  major  cities. 


Four  ranges:  0.000  to  1.599;  00.00  to  15.99;  000.0  to  159.9; 
0000.  to  1000  volts  (manual  ranging  and  polarity)... No 
moving  parts . . .  Digital  in-line  readout ...  70  millisecond 
conversion  time . . .  Adjustable  display  time . . .  Input  com¬ 
pletely  floating  and  isolated ...  0. 1  %  of  full  scale  accuracy 
. . .  Direct  voltage  conversion  circuit . .  .Wide  range  of  models. 

KIN  TEL’s  Model  801 A  all-electronic  digital  voltmeter  meas¬ 
ures  DC  from  0.001  to  1000  volts  with  0.1%  of  full  scale 
accuracy ...  and  in  less  than  I/IO  second,  presents  the 
measured  voltage  clearly  on  an  in-line  digital  readout  that 
even  unskilled  personnel  can  read  with  ease.  Direct  voltage 
measurement  by  successive  approximation  provides  accu¬ 
racy  and  sensitivity  previously  obtainable  only  in  delicate, 
complex  and  expensive  instruments.  Extremely  stable  opera¬ 
tion-continuous  calibration  against  an  internal  reference. 
(Input  impedance  of  the  Model  801 A  is  20,000  ohms  per 
volt.  The  Model  802A,  priced  at  SI  190,  has  an  input  imped¬ 
ance  of  10  megohms  on  all  ranges.  In  other  models,  the 
binary  coded  decimal  and  deci- 
mal  outputs  are  externally  avail- 
able  to  permit  driving  printers 

and  tape  punches.)  BVSfTT^nnnilH 


Write  today  for  descriptive  literature  or  demonstration.  5725  Kearny  Villa  Road,  San  Diego  II,  California 
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MILITARY  ELECTRONICS 


•  Hound  I>)g's  aerial  launching 
pads-pylons  suspended  below  the 
left  and  right  wing  of  the  B-52— 
will  carry  indixidual  star  trackers 
for  precise,  on-the-spot,  heading  in¬ 
formation  prior  to  launching.  Using 
the  heading  from  the  astro  compass 
inside  the  fuselage— 18  ft  awav— 
would  gi\c  the  missile’s  inertial 
guidance  a  slightly  erroneous  start. 

Position  infonnation  is  fed  to 
the  missile’s  computer  from  the 
bomb-nav  system  in  the  plane 
(Ei.rxTRONics,  p  15.  I'cb.  21). 

Successor  to  the  Rascal  and  fore¬ 
runner  of  the  air-launched  ballistic 
missile.  North  American’s  I  IouikI 
Dog  is  currently  in  fabrication.  Pure 
inertial  guidance,  by  North  .\mcri- 
can’s  .\utonctics,  is  a  miniaturized 
and  adapted  version  of  the  system 
used  in  the  canccllctl  Navaho  mis- 
.sile.  (Nhdification  of  the  same 
system  navigated  submarines  US'S 


Nautilus  and  Skate  on  their  trans¬ 
polar  cruise.  Ki.kctromcs,  p  8, 
Aug.  29).  T  he  pylon  star  tracker, 
KS-120,  is  produced  by  Kollsman, 
as  is  the  KS-150  astro  compass  in 
the  B-52. 

•  New  instrument  for  measuring 
speeds  of  guided  missiles,  rockets, 
projectiles,  aircraft  and  ground  \ehi- 
cles  with  accuracies  of  :i;l  fps  will 
be  produced  by  Marconi  of  I'.ng- 
laud. 

F.V.\  (electronic  velocity  ana- 
Ivz.er)  is  small,  portable  and  oper¬ 
ates  in  the  X-band.  Range  is  up  to 
nine  miles.  Data  are  obtained  on 
moxing  T'eledeltos  paper  and  con¬ 
sist  of  a  continuous  graphical  repre¬ 
sentation  of  exents.  recorded  against 
a  reference  of  C"alibration  pips 
XX  Inch  occur  exerv  0.1  sec.  I’A'.X 
records  instantaneous  changes  in 
xelocitv. 


From  vantage  point  atop  35-story  McCraw-IIill  building,  officer  (loxxer  right)  uses 
portable  2-xx'ay  f-m  radio  unit  as  .  .  . 


Radio  Eases  Tunnel  Traffic 


one  area  xxhcrc  intelligent  use  of 
existing  equipment  can  effect  sub¬ 
stantial  savings. 

In  addition  to  coverage  of  policy 
talks  and  speeches,  the  publication 
also  contains  papers  presented  to 
the  session  on  such  subjects  as 
dataphonc  scrxicc,  microwaxe  trans¬ 
mission.  automatic  switching  and 
transceixer  operation. 

Costs  of  R&D 
Increase  4% 

Rese.vrch  and  dexelopment  costs 
continue  to  take  an  ex  er-increasing 
share  of  industry  ’s  dollar. 

.\n  American  Management  Asso¬ 
ciation  surxey  released  early  this 
month  discloses  that  the  1958  all¬ 
industry  average  for  budgeted  R&D 
expenditures  is  up  4  percent  over 
1957.  AM.\  uses  the  Census  Bu¬ 
reau  breakdoxvn  of  industry,  xxhich 
does  not  consider  electronics  a  sepa¬ 
rate  industry  group;  but  the  several 
categories  xxhich  include  electronics 
firms  gix  e  a  fair  indication  of  money 
spent  for  R&'D  by  electronics. 

FTectrical  machinery  firms  are 
spending  4.0  percent  more  this  year 
than  last — right  on  the  all-industrv 
mean.  Last  xear  the  62  firms  in  this 
group  xvho  responded  to  the  surx  ey 
budgeted  an  average  amount  equix  a- 
lent  to  4.8  percent  of  sales,  com¬ 
pared  to  the  all-industr\-  average  of 
2.8  percent.  AMA  made  a  “horse¬ 
back  estimate”  for  Ki.ectronics 
that  electronics  firms  included  in 
this  category  are  budgeting  4.5  to 
5.0  percent  more  this  year,  and  that 
last  year’s  expenditure  was  more 
than  5.0  jx'rcent  of  sales. 

Instrumentmakers  are  budgeting 
only  one  percent  ahead  of  last  year, 
but  the  1957  axerage  for  the  73 
firms  responding  was  5.2  percent 
of  1957  sales.  This  is  the  highest 
axerage  R&'D  percentage  reported 
by  the  AMA  analysis. 

Office  machinen’  R&D  is  costing 
5.2  percent  more  this  year  than  last. 
Last  year’s  axerage  for  18  firms  sur¬ 
veyed  w'as  3.2  percent  of  sales. 

According  to  AMA’s  factfinders, 
most  R&D  managers  arc  still  tying 
their  budgets  to  near-tenn  income 
expectations  and  emphasizing  de¬ 
velopments  close  to  the  shipping- 
room  door. 


New  York’s  Port  Authority  is  us¬ 
ing  electronics  to  combat  traffic 
congestion  at  the  heavily  traveled 
Lincoln  Tunnel. 

During  the  Labor  Day  Jioliday 
weekend,  portable  2-way  f-m  radio 


units  worn  by  strategically  deployed 
Port  Authority  patrolmen  xvere  in¬ 
itiated  into  regular  scrx  icc  to  report 
changing  traffic  patterns  and  dis¬ 
patch  police  to  trouble  spots. 

Traffic  authorities  reported  a 
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FROM  OUR  GALLERY  OF  ‘‘DOUBTING  THOMASES'* 


redoubtable  doubter,  ThomcM  Chuibb 


COULDN'T  "Sll"  THE 
ELECTRIC  BULB! 


.  .  .  nor  fould  his  present-day  rounterparls  see  the  EIco 
Varicon  eonneetor  principle  when  it  was  hrst  introduced. 
I  he-e  unhappy  souls  may  now  l>e  selling  electric  hulhs  in  a 
.S-and-lO  for  all  we  know;  while  you  are  s|»ecifying  more 
and  more  \’ari»ot«s  with  each  passing  day. 

If,  hy  some  «  hance,  you  do  not  as  yet  ha>e  our  Varicon  V-2 
(!alalog  in  your  library,  nor  information  concerning  Eleo’s 
most  complete  and  reliable  quality  line  of  prinleti  circuitry, 
tube-s«)ckcls  an«l  shiehU.  we'll  be  happy  to  corr***  !  that  omis¬ 
sion  if  you  will  »lro|i  us  a  note  on  your  company  letterhead 
immediately.  The  same  applies  to  Eleo's  new  products  pic¬ 
tured  below. 


IF  IT’S  NEW...  IF  irS  NEWS...  irs  FROM 


CORPORATION 

"M"  St.  b«low  Eri*  Av«.,  Phila.  24,  Pa.,  CU  9-S500 


Ika>PMill<;  3260  M*t*r  Av«.,  Lot  Angolot,  Col..  TIxot  0-3000 


Printed  circuit  lioard  enclosure 
for  printed  or  etched  circuitry. 
78  parts  may  l>e  retained  with 
only  8  screws.  For  standard  re¬ 
lay  rack  or  standard  electronic 
enclosure  mounting.  Bulletin  A-1. 


3  or  t  contact  audio  connector. 
Also  a\ailable,  our  light-duty  “B” 
Series.  Both  series  are  completely 
interchangeable  with  comparable 
units.  Immediate  delivery.  Write 
for  data. 


ILCO'S  SCRCW-TYPI  VARICON 


Provides  vibration-proof  locking 
feature  for  mated  connectors. 
Guarantees  parallel  insertion  and 
withdrawal  of  contact*,  with  ab¬ 
solute  avoidance  of  contact  over¬ 
stress,  Write  for  complete  data. 


>  '  ILCO'S  "VARIPAK' 


ILCO'PACIFIC  IL  SIRIIS 
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steady  flow  of  traffic  during  peak 
pcricKls  and  the  rapid  elimination 
of  bottlenecks  caused  by  break¬ 
downs. 

The  Port  .\uthoritv’s  two-wav 
system  consists  of  six  transistorized 
transmitters  and  receivers  operating 
in  conjunction  with  a  fixed  rc]x?ater 
station.  I’he  units,  designed  bv 
RC.\.  transmit  and  rcccise  in  the 
150-mc  band. 

During  peak  periods,  one  officer 
is  stationed  atop  the  ^S-storv 
McGraw-Hill  Building,  home  of 
Electronics.  .\n  unobstructed 
view  of  'the  tunnel  approaches 
enables  the  officer  to  relay  reports 
of  traffic  conditions  almost  instan¬ 
taneously. 

Electronics  Probes 
Missile's  Fluids 

C.\M BRIDGE,  M.\ss. — Electronic 
method  of  detecting  cavitation  in 
liquid  oxygen  and  other  cryogenic 
fluids  gave  promise  this  Mcck  of 
pinpointing  one  source  of  trouble 
in  missile  propulsion  systems. 

Mcthixl  stems  from  claim  that 
cavitation  in  sarious  liquids  cohi- 
cidcntally  produces  omnidirectional 
magnetic  field  which  may  be  ob- 
sciAcd  and  recorded  With  electronic 
instrumentation. 

Preliminary  report  on  the  phe¬ 
nomenon  was  made  here  recently 
at  MIT  to  nearly  (500  attending 
the  Fourth  Cryogenic,  Engineering 
Conference. 

James  Clark  of  '  the  Garrett 
Corp.’s  AiResearch  Manufacturing 
Div.  in  Phoenix  told  the  confer¬ 
ence  that  general  field  of  magneto- 
hydrodynamics  is  also  expected 
to  benefit  from  discovery  that  a 
local  magnetic  field  is  generated 
around  certain  molecules  subjected 
to  displacement  relatisc  to  each 
other. 

Varying  magnetic  field  generated 
in  region  subject  to  dynamic  or 
changing  densih  gradients,  he  re- 
jxrrted,  can  be  picked  up  as  an  a-c 
voltage  by  sensing  grids  and  tran- 
sistoriz.od  electronic  circuits. 

Study  of  cavitation  in  ciyogcnic 
fluids  and  various  hydrocarlxins  is 
also  being  applied  to  research  in 
centrifugal  pumps,  turbines,  marine 
propellers. 


FINANCIAL  ROUNDUP 


•  Maiqiiardt  Aircraft,  Van  \u\s, 
Calif.,  and  .Applied  Radiation  Corp., 
of  Walnut  Creek,  Calif.,  enter  into 
agreement  for  joint  efforts  in  dc- 
\eloping  ion  and  other  electrical 
propulsion  systems  for  space  flight 
applications.  Marquardt’s  .ASTRO 
Disision,  which  will  work  with 
.\RC()  on  electrical  propulsion  sys¬ 
tems,  already  has  seseral  programs 
undersvay  on  propulsion  systems  for 
s;itellite-boost  and  other  hspersonic 
applications. 

•  Mack  Truck  discpntinucs  man¬ 
ufacturing  electronic  equipment. 
Machinerv  and  equipment  of  for¬ 
mer  Mack  unit  in  Plainfield.  N.  J., 
has  Ix'en  acquired  b\  Electronics 
.Assistance  Cairp.  of  Red  Bank.  \.  J. 
Di  .An  Controls  of  Boston.  Mass., 
has  taken  oxer  the  assets  of  Mack’s 
Boston  unit.  Both  firms  are  headed 
bv  the  former  Mack  electronic  unit 
general  managers.  It  has  been  re¬ 
ported  that  Slack  got  out  of  the 
electronics  business  iK-canse  it  felt 

'  that  it  could  more  profit  iblx  devote 
its  efforts  to  making  trucks.  Plain- 
field  unit  made  electronic  counters, 
radar  sets  and  computer  parts.  Bos- 
'  ton  unit  had  been  engaged  in  mili¬ 
tary  contract  work.  Di  .An  Controls. 


in  addition  to  completing  Mack 
contracts,  is  making  magnetic  cores 
and  doing  R&D  work. 

•  Serxoineelianisnis,  I  lawHiorne, 
Calif.,  has  Ircon  awarded  S101.672 
of  additional  fnnding  bv  Douglas 
.Aircraft.  .Additional  money  is  for 
contmued  research  into  the  field  of 
solid  state'  phvsics  bv  Senomecha- 
nism’s  research  laboratory. 

•  I'airchild  Camera  &■  Instrn- 
nient,  Sxosset,  N.  V.,  acquires  the 
assets  of  .Acme  1'clctronix  Division 
of  NE.A  Service,  Inc.,  of  Cleveland. 
Ohio.  I'airchild  says  .Acme  makes 
telephoto  and  facsimile  transmitters 
used  bv  United  Press  International  I 
and  NE.A  Service  and  produces  | 
similar  equipment  for  nhlitarv  and  j 
general  industry  use.  The  acquisi-  | 
tion  makes  possible  the  combining  : 
of  progress  made  bv  both  com-  | 
|xniics  ill  the  field  of  color  scanning  I 
in  recent  vears.  N1'’..A  alreach  has  ^ 
a  color  scanner  in  operation.  Fair- 
child  Graphic  Equipment  Division, 
which  devclo|xd  several  black  and 
white  electronic  engraving  ma¬ 
chines  earlier  this  year,  has  a  color 
engraving  machine  under  dcvelojr- 
ment. 


Inside  look  at  Chicago’s  new  State  Street  radio-controlled  lights  shows  “air  condition¬ 
ing”  svsteiii  (note  fan.  center),  used  when  .  .  . 

F-M  Controls  Street  Lights 

CHICAGO— .A  HAi.E-Mii.i.iON  DOL-  aiid  70  rc'ceiver  niiits,  one  each  in 
LAR  street  lighting  system  featuring  the  base  of  70  fluorescent  light 

a  central  f-m  radio  transmitter  unit  l>oles,  will  siMin  be  brightening 
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MINIATURE  WIRE  r#  WOUND  RESISTORS 


MADt  TO  Mtn  Mn-K-76C  CHAU.  “V” 
HAfOAMANCl  REQUIRfMCNTS 


^  ^  ^ 


ILLUSTRATED  IN 
ACTUAL  SIZE 
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tPRMUE  WAHME  DIMENSIONS 

TTfC  NO.  RATIN6  L  (iltclMO  • 


MAXIMUM 

RESISTANCE 


Now  a  now  improved  construction  givOs  even  greater  re«  '*" 
liability  and  higher  wattage  ratings  to  Sprague’s  famous 
Blue  Jacket  miniature  axial  lead  resistors.  ~ 

Look  at  the  small  sizes  shown  in  the  illustrations  above  __ 
and  you  will  recognize  how  ideal  they  are  for  use  in  minia¬ 
ture  electronic  equipment  with  either  conventional  wiring 
or  printed  wiring  boards. 

For  the  full  technical  story  on  these  dependable  miniaturized 
resistors,  write  for  Engineering  Bulletin  7410. 

SPRAGUE  ELECTRIC  COMPANY  •  35  MARSHALL  STREET  •  NORTH  ADAMS,  MASS. 


SPRAGUE 


THE  MARK  Of  RtLI  ABILITY 


SPRAGUE  COMPONENTS:  RESISTORS 
INTERFERENCE  FILTERS  PULSE  NETWORKS 


CAPACITORS  MAONHIC  COMPONENTS  ^  TRANSISTORS 

HIGH  TEMPERATURE  MAGNET  WIRE  PRINTED  CIRCUITS 


MEETINGS  AHEAD 


State  Street  here. 

The  new  poles  in  Chieago’s  loop 
will  produee  15,624,000  lumens  of 
light,  or  225,672  lumens  per  pole. 
The  eleetronics  equipment  will  be 
“a  sizable  proportion”  of  the  total 
eost,  said  General  F.leetric,  whieh 
is  supplying  the  radio  equipment. 

This  will  be  the  first  major  light¬ 
ing  system  to  utilize  radio  for  eon- 
trol,  aeeording  to  Hie  State  Street 
Couneil.  Eaeh  pole’s  receiving  set 
will  automatically  perform  the  fol¬ 
lowing  functions:  turn  on  all  lights 
at  dusk,  turn  off  portion  of  lights 
at  midnight,  turn  off  all  lights  at 
dawn  and  control  festoon  lighting. 

Automatically  controlled  Calrod 
heating  units  installed  at  the  base 
of  each  pole  will  maintain  correct 
operating  temperatures  for  the  re¬ 
ceivers  so  they  will  function  prop¬ 
erly  in  snow.  The  70  receivers  are 
mobile-type  sets  operating  on  a-c 
power.  The  27-mc  carrier  is  fie- 
quencs-modulatcd  with  pulse  tones 
to  fulfill  the  various  lighting  re¬ 
quirements. 

Each  receiver  is  a  crystal  con¬ 
trolled  double  conversion  superhet 
whose  sensitivitv  runs  0.4  of  a 
micro-\olt.  with  frequenev-  stability 
of  0.002  percent.  A  simple  whip  an¬ 
tenna  will  serve  for  the  transmitter 
and  short  whip  antennas  will  be 
placed  on  each  light  pole. 

The  input  voltage  of  the  trans¬ 
mitter  is  117  volts  a<  and  the 
power  output  is  50  w,  plus  or  minus 
10  percent.  Modulation  on  the 
wide  band  is  a  plus  or  minus  1 5  kc 


swing  with  instantaneous  modula¬ 
tion  limiting.  'I1ic  narrow  band 
uses  a  plus  or  minus  5  kc  swing 
with  instantaneous  modulation  lim¬ 
iting.  The  ciystal  multiplication 
factor  is  12.  and  ambient  tempera¬ 
ture  is  minus  50  C  to  plus  60  C. 

The  audio  frequency  characteris¬ 
tics  arc  between  plus  1  to  minus  5 
db  of  a  6  db  octave  with  preem- 
phasis  from  500  to  5,000  cps.  refer¬ 
ence  1,000  cps.  Spurious  and  har¬ 
monic  radiation  is  at  least  80  db 
below  rated  power  output  at  any 
frequency.  Size  of  the  unit  is  6  in. 
high  by  4  in.  wide  by  1 5i  in.  long. 
Weight  is  5i  lb. 

Buy  1,385  New 
Players  for  Blind 

I'ms  WKKK  saw  Side  of  1,585 
Talking  Book  players  to  Library  of 
Congress  Division  for  the  Blind  to 
be  distributed  throughout  the 
country. 

TTie  record  players  arc  portables 
especially  designed  for  operation 
by  the  blind.  'ITiey  play  164  rpm 
recordings  of  narrated  books.  An 
average  size  volume  can  lx-  recorded 
on  five  or  six  1 2-inch  records. 

Tlie  units  sold  this  week  arc 
manufactured  by  Stromberg-Carl- 
son.  Player  has  a  three-stage  ampli¬ 
fier  with  1  i-vv  output,  crystal  pickup 
and  s|X‘aker.  In  addition  to  volume 
and  tone  controls,  a  jack  for  head¬ 
phones  is  provided. 


Sept.  26-27:  Broadcast  Traiisinission 
Systems,  Annual  Symposium,  IKL 
Prof.  Croup,  VV^illard  Hotel,  NN'asli., 
D.  C. 

Sept.  28-Oct.  2;  Electrochemical  So¬ 
ciety,  1 1 4th  Meeting.  Chateau 
Lauricr,  Ottawa,  Canada. 

Sept.  29-Oct.  5:  .\udio  Engineering  So¬ 
ciety,  10th  .\nnual  Conv.,  Hotel 
New  Yorker,  N.Y.C. 

Oct.  1-2:  Radio-Interference  Reduc¬ 
tion,  H.  S.  Aniiy  Signal  Engineering 
l.ahs,  IRE,  .\rmour  Research  Eoun- 
dation.  Chicago,  III. 

Oct.  6-8:  Symposium  on  Extended 
Range  and  Space  Communications, 
IRE  and  George  Washington  Univ., 
Lisner  Auditorium.  Washington, 
D.  C. 

Oct.  8-10:  IRE  Canadian  Convention 
and  Exposition,  Electronics  and  Nu¬ 
cleonics,  Exhihition  Park.  Toronto, 
Canada. 

Oct.  15-15:  National  Electronics 
Conf.,  14th  .\nnual.  Hotel  Sheriuau, 
Chicago,  III. 

Oct.  14-15:  Institute  of  Printed  Cir¬ 
cuits,  Fall  Meeting,  Chicago.  Ill. 

Oct.  20-21:  .\ero  Communications 
Symposium,  Fourth  National,  PGCS, 
Hotel  Utica,  Utica,  \.  Y. 

Oct.  20-21:  US.\  National  Committee. 
URSI  Fall  Meeting.  Penn  State 
Univ.,  University  Park,  Pa 

Oct.  20-24:  Society  of  Motion  Picture 
and  Television  Engineers.  84th  Con¬ 
vention.  Sheraton-Cadillac  I  lotcl, 
Detroit.  Mich. 

Oct.  26-51:  .\niericaii  Institute  of 
Electrical  Engineers.  Fall  .Meeting, 
Pcnii-ShtTatoii  Hotel.  Pittsburgh, 
Pennsylvania. 

Oct.  29-50:  Fifth  .\unual  Computer 
.\pplications  Symposium,  sponsored 
by  .\rniour  Research  T’oundation, 
Morrison  Hotci.  Chicago.  Ill. 

Oct.  50-51;  Nov.  1:  Electron  Devires 
Meeting.  PGED,  IRE.  Shoreham 
Hotel,  Wash..  D  C. 

(X:t.  50-51:  .\ircraft  Electrical  Society, 
Pan  Pacific  .\nditorium,  Los  .\ngelcs, 
Calif. 

Nov.  6-7:  Prof.  C>roup  on  Nuclear 
Science,  IRE.  Fifth  Annual  .Meet¬ 
ing,  Villa  Hotel,  San  Mateo,  Calif. 

Nov.  17-20:  Magnetism  and  Magnetic 
Materials,  P'ourth  .\nnual  Conf., 
AIEE,  APS,  IRE,  AIME,  OHR, 
Sheraton  Hotel,  Phila.,  Pa. 


Floating  Control  Booth 


Windowless  control  room  of  Wright  Air  Development  Center’s  new  jet  engine  test 
stand  floats  on  noise  insulation.  Technicians  use  tv  and  instruments  to  observe 
engine  tests 


18 


September  26,  1958  —  ELECTRONICS  engineering  issue 


TRONICS  •ngineering  issue  —  September  26^  1958 


aULI  II  ftlADMS  UftVICI  CARO 


RELIABILITY 


of  electronic  components,  however  small,  is  vital 
in  controlling  a  rocket,  however  Urge  .  .  . 


RELIABILITY 


of  electronic  components  you  use  is  vital,  what 
ever  their  type,  size  or  function  .  .  . 


RELIABILITY 


of  electronic  components  is  the  vital  advantage, 
unconditionally  guaranteed,  in  any  quantity  you 
order  from  .  .  . 


CAMBttlDCE  meHMIONlC  COUPORATION 


for  Oofoils^  Soo  fo/fowing  fogos  m 


5 


I 


multiplied  by  millions 

Cambion®  electronic  components  .  .  .  countless  in  quantity, 
broad  in  variety  . . .  are  quality-controlled,  thoroughly  tested  and 
unconditionaUy  guaranteed. 


%rminalt  Ttrminat  lo«rdi 


Shown  actual  tit* 


Coil  Formi  and  Colb 
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Shown  actual  lii* 


Battary  Holdart 


Chokoi  and  Capacitort 


Miniatur*  Connacton 


Diode  Clip* 


Hondlei  ond  Hardware 


Any  part,  renardless  of  size,  may 
1)0  the  most  efficient,  most  reliable 
feature  in  an  assembled  product. 

That’s  why  Cambion  components, 
small  as  they  are,  are  indispensable  in 
many  electronically  equipped  prod¬ 
ucts  —  and  can  be  equally  valuable 
in  your  own.  The  reason  is  excep¬ 
tional  reliability  —  so  carefully  main¬ 
tained  that  it  will  pay  you  to  investi- 
Kate  how  Cambion  components  can 
benefit  your  own  indu.stry. 

QUESTIONS  YOU  OUGHT  TO  ASK 

about  these  highly  important  little 
essentials  are:  How  high  in  quality 
are  their  raw  materials?  . . .  What  ad¬ 
vancements  in  design,  and  in  manu¬ 


facturing  equipment  and  methods 
are  evident  in  their  production?  .  .  . 
During  and  after  manufacture,  how- 
much  inspection  and  testing  are  they 
given?  .  .  .  How  closely  do  they  con¬ 
form  to  government  specifications? 
.  .  .  How  widespread  is  their  reputa¬ 


tion  for  reliability?  .  .  .  How  is  this 
reliability  guaranteed  —  fully  and 
convincingly? 

FOR  CAMBION  ANSWERS  to  your 
questions,  with  facts  that  may  help 
you  to  more  successful,  more  profit¬ 
able  production  .  .  . 

Turn  To  Tho  Nonf  Pago 


CAMBRIDGE  THERMIONIC  CORPORATION 


Makers  of  guaranteed  electronic  components,  custom  or  standard 


( 
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RELIABILITY 

100%  Engineered 
100%  Guaranteed 


On  two  previous  pages  you’ve  seen  some  of  the  more 
prominent  Cambion  electronic  components.  The  entire 
family  is  huge,  with  many  different  types  and  sizes.  Yet 
all  share  one  family  trait  —  reliability.  Here  are  the 
reasons  why: 

CAMBION  QUALITY  CONTROL  —  Modern  methods 
based  on  MIL-Q-5923C  are  carefully  adhered  to  by 
CA.MBION  quality  control  engineers. 

CAMBION  RAW  MATERIALS  must  be  certified  to  meet 
Cambion  requirements.  For  example,  grade  L5  silicone- 
impregnated  ceramic,  used  in  coils  and  coil  forms,  is  pur¬ 
chased  only  from  government  certified  sources  and  must 
meet  specification  JAN-I-10. 

CAMBION  SPECIAL  EQUIPMENT  AND  FACILITIES 

include  an  up-to-date  precision  tool  and  die  shop,  manu¬ 
facturing  all  needed  tools  and  dies  to  standards  assuring 
highest  product  quality.  In  addition,  all  plating  is  done 
in  a  CAMBiON-approved  plant,  with  a  laboratory  for 
checking  all  solutions. 

In  the  laboratory  a  Kocour  electronic  plating  thickness 
tester  is  used.  Other  Cambion  testing  equipment  includes 
special  electrical  devices,  some  of  them  registering  such 
delicate  accuracies  that  they  are  seldom  used  by  electronic 
component  manufacturers.  These  devices  cover  such  units 
as  impedance,  inductance  and  capacitance  bridges  to 
accuracies  of  .1%.  Also  included  are  standard  oscillo¬ 
scopes,  synchroscopes,  pulse  and  trigger  generators; 
signal  generators  to  3,000  megacycles;  sealed  inductor 
standards;  precision  voltmeters;  vacuum  devices  evacuat¬ 
ing  to  microns. 

Environmental  testing  equipment  includes  new  electro¬ 
dynamic  shaker  equipment,  mechanical  low  frequencies 
table,  humidity,  temperature  and  .salt  spray  chambers. 
Testing  per  MIL-E-5272A,  MIL-STD-202  and  MIL-E- 
5422  is  regularly  performed  using  this  equipment. 

Among  Cambion  standard  production  equipment  are 
optical  comparators  and  protractors;  precision  micro¬ 
scopes;  monochromatic  light  sources  for  high  precision 
measuring  to  millionths  of  an  inch;  gage  blocks;  super¬ 
micrometers;  wire  systems  for  measuring  thread  pitch 
diameters;  and  Tri-Roll  thread  comparators. 

To  speed  and  improve  its  own  production,  Cambridge 
Thermionic  has  developed  unique  equipment  such  as  the 
Hopper  staking  machines.  This  machine  fits  terminals 
into  terminal  boards  with  preci.se  proper  handling  and 
eliminates  cracking  the  boards.  It  is  available  to  cus¬ 
tomers. 


CAMBION  TESTS  —  AT  EVERY  STEP  OF  THE  WAY  are 

too  many  to  be  completely  described  here.  Let’s  take  just 
a  few,  on  some  of  the  components,  as  listed  below. 


T»rminaU.  On  standard  terminals  a 
cross-sectional  analysis  of  plating  is 
made;  dimensional  and  visual  quality 
control  checks  are  made  as  per  MIL- 
Q-5923C;  a  salt  spray  test  is  per¬ 
formed  and  terminals  are  packaged 
in  sulphur-free  paper  to  avoid  tar¬ 
nishing.  Insulated  terminals,  which 
get  the  same  tests  on  the  metallic 
component,  are  also  subjected  to  a 
voltage  breakdown,  a  humidity  and 
insulation  resistance  test  and  a  pull 
test  —  to  find  the  strength  of  the  in¬ 
sulation  when  tension  is  exerted  on 
the  terminal. 

Tmrminal  Board*.  These  receive  all 
checks  on  terminals  described  above, 
plus  pulling  and  twisting  tests. 

Coil  Forms  and  Coil*.  When  com¬ 
pleted,  these  are  checked  for  mechan¬ 
ical  stability.  Pull  tests  are  also  made, 
to  assure  the  form  is  seated  in  the 
mechanical  mounting.  Where  re¬ 
quired,  tests  conforming  to  MIL-C- 
15305A  are  made,  covering  induct¬ 
ance,  distributed  capacity  and  other 
pertinent  parameters. 


Capacitor*.  Checked  for  vibration, 
temperature  coefficient  and  tested 
for  corona  at  reduced  pressures 
equivalent  to  high  altitudes. 

Handio*  and  Hardwaro.  Life-tested 
for  all  movable  parts,  together  with 
MJ  salt  spray  and  general  testing  as  per 

MIL-Q-5923C. 

CAMBION  QUALITY,  RELIABILITY  AND  GUARANTEE 

form  a  combination  unequalled  for  your  guidance  in  choos¬ 
ing  electronic  components.  In  manufacture,  Ca.mbion 
components  meet  or  better  government  specifications.  In 
testing,  Cambridge  Thermionic  makes  sure  that  keeping 
quality  at  its  highest  level  is  standard  practice.  And 
quality  like  this  means  Cambion  reliability  is  on  the 
biggest  scale  two  wayit:  first,  because  of  the  great  breadth 
of  the  line;  second,  because  of  its  nation-wide  acceptance 
by  leading  manufacturers. 

That’s  how  Cambridge  Thermionic  provides  the  qual¬ 
ity  and  reliability  you  must  hare  —  to  help  your  products 
perform  as  you  design  them  to  perform.  And  these  valu¬ 
able  advantages  are  guaranteed.  That’s  on  the  biggest 
scale,  too,  becau.se  it  applies  unconditionally  to  all 
Cambion  components,  in  any  quantity  you  order,  from 
one  to  millions. 

Get  more  details  on  Cambion  components.  Send  for 
samples  or  blueprints  you  need,  or  for  the  just-puhlished 
Catalog  Supplement.  Write  to  Sales  Engineering  Dept., 
Cambridge  'Thermionic  Corporation,  437  Concord  Ave., 
Cambridge  38,  Mass.  In  Canada,  Cambridge  Thermionic 
of  Canada  (Ltd.),  2425  Grand  Blvd.,  Montreal  28,  P.  Q. 
For  your  convenience  Cambion  components  are  avail¬ 
able  from  Authorized  Cambion  Distributors  throughout 
the  United  States  and  Canada. 


CAMBRIDGE  THERMIONIC  CORPORATION 
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Bell  Laboratories  Announces  - 
Pocket-Sized  Frequency 
Standard  for  Microwave  Systems 


LauTcncc  Kotriur. «  ho  developed  the  portable  frequenev’  standard,  demon 
strates  how  the  desice  can  be  plugged  in  at  a  radio  relay  station  to  supply  a 
checking  frequency  .  Battery-powered,  the  devkc  maintains  precision  cali¬ 
bration  for  several  months. 


Inside  the  |)ortahle  frequency  standard.  Four  Labora¬ 
tories  desclopcd  dcsaces  make  it  possible:  ( 1 )  transistor, 
which  converts  the  power  from  a  battery  to  radio  fre 
quency  oscillations;  (2)  voltage  reference  diode,  which 
maintains  constant  voltage;  ( 3 )  piezoelectric  crystal  unit 
of  suiKrlative  stability;  (4)  thermistor,  which  corrects 
for  tcm|x;rature  sanations. 


NlicTowavc  radio  relay  systems  depend  critically  on  the 
accuracy  of  their  “carrier”  frequencies.  At  scores  of  relay  stations 
along  a  route,  carrier  frequency  oscillators  must  be  checked  peri¬ 
odically  against  a  signal  from  a  precise  standard. 

In  the  past,  the  maintenance  man  has  had  to  obtain  his  check¬ 
ing  frcHiuency  by  picking  up  a  standard  radio  signal  from  a 
government  station.  This  ojx’ration  takes  time— and  requires 
elaborate  equipment. 

W'ith  a  new  fwriable  frequency  standard  developed  by  Bell 
Laboratories  engineers,  the  job  is  much  simplified.  To  check  an 
oscillator,  the  |x>rtable  standard  is  plugged  in.  and  a  button  is 
pressed.  In  seconds,  it  supplies  a  checking  frequency  accurate 
to  one  part  in  a  million. 

Until  now,  such  precision  in  a  frequency  standard  has  been 
obtainable  only  in  a  laboratory.  The  new  portable  standard  makes 
it  available  for  routine  use  in  the  Bell  System.  First  use  of  the 
standard  will  be  to  maintain  frequency  control  in  a  new  micro- 
wave  system  for  telephone  and  TV’,  now  under  development  at 
Bell  Laboratories. 


BELL.  TELEPHONE  LABORATORIES 


WORLD  CENTER  OF  COMMUNICATIONS  RESEARCH  AND  DEVELOPMENT 


Now,  Immediate  Delivery  from  Stock  on 


M,  matnatic  stability,  up  lo  200  ha 
timMadjustaM  200lica-l0iw 


lOmca-lOOmca  '•Q-2* 


Rush  service  for  designers  -  use 
this  handy  materials  selector  chart 


/  Ittdustiial  Ctrimics  for  tndustriil  Prottess . . .  Sinct  1906 
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Ferrite  Cores  available 
in  various  materials  for 
development  and  design 
engineers  to  cover 
specific  frequency  bands 
of  operation  from  1  KC 
to  50  megacycles.  General 
Ceramics  provides  extra¬ 
fast  service  on  sample 
quantities  for  develop¬ 
ment  and  will  make 
prompt  delivery  on  pro¬ 
duction  parts  in  reason¬ 
able  quantities.  Call, 
wire  or  write  General 
Ceramics  Corporation, 
Keasbey,  New  Jersey. 
Please  direct  inquiries 
to  Dept.  E. 


Modanta  0,  hi||h  (1. 
mainalic  atabiTily. 
adiuataMa 


modarawv 

lowlou 


Hifhli,  modaratoly 
loialott 

High|a,  modarala  to  hifh  (X 
maratlc  atability,  aa  much 
atlO  to  1  adjustability  with 
machanical  or  biaaini 


_saturwon _ 

Hitoi  II,  low  lou.  Mfh 
saturation,  raaiatanca 


GENERAL  CERAMICS  i 


i. 


#  *1 

ii*  •  n  *  ' 


Presenting  524D  Electronic  Counter 

New  8-decade  numerical  readout! 
NeW  5/10*  per  week  stability! 


most  complete  line  of  electronic  counters 


world 


SPECIFICATIONS 


IlMk  S140  without 


plus  all  these  frequency  and  time  measuring  advantages! 
Direct,  instantaneous,  automatic  readings 
Frequency  coverage  10  cps  to  220  MC’*‘ 

Time  interval  1  [tsec  to  1 00  days 
Resolution  0.1  (isec 
High  sensitivity,  high  impedance 
No  calculation  or  interpolation 


New  convenirner  uf  unifurm  8-<lecade  numerical  readout  without  meters 
—  new  5  parts  in  10*  stability  simplifying  standards  and  other  micro- 
wave  measurements  —  this  is  the  capsule  story  of  the  new  -hp-  524D 
Electronic  Counter. 


Electrically  similar  to  the  widely  used  -hp-  524B  Counter,  the  new  524D 
provides  for  full  frequency  measurements  from  10  cps  to  10  MC  and 
period  measurements  from  0  cps  to  10  MC.  Low  cost  plug-in  units  ex¬ 
tend  frequency  measuring  range  to  220  MC,  permit  period  measurements 
of  over  10,000  periods,  and  increase  sensitivity  for  precise  measurement 
of  weak  signals.  Still  another  plug-in  provides  for  time  measurements  from 
1  /isec  to  100  days  with  0.1  /xsec  resolution.  When  used  with  -hp-  540A 
Transfer  Oscillator,  the  524D  will  measure  accurately  to  12  KMC.  For 
complete  details,  write  or  call  your  -hp-  representative;  or  write  direct. 


HEWLETT-PACKARD  COMPANY 


^inixy! 

10  cpi  to  10.1  MC 

0«fo  Tiino:  0  001,  0.01,  0.1,  1,  10  m<s  or  ^ 
monuol 

AMofOcy;  i  1  co«M  ^  O.OOOOOSX 

lo«4«  In:  KC.  Automotk  docimol  dK 

foriod: 

Innfo:  0  cpt  to  10  KC 

Onto  TImo:  1  or  10  cyclot  oi  wnItnowA 

Acewmey:  ^  0.3%  (1  poriod) 

A  0.03%  (10  poriod  ovoroo«1 
Stnn.  Pro^.  Cowntod:  10  cpt,  1  KC,  100  KC,  , 
or  10  MC,  or  oxtornol 
Rond*  in:  Soct,  mtoc.  Msec 


’with  plug-ini 


S022A  MCE  Mill  ROAD  •  MLO  AITO,  CALIFORNIA,  U.S.A. 
CAIIE  "HEWFACK  "  •  DAVENPORT  5-44SI 
tniD  KtntSiNTATIVlS  IN  AU  PRINCIMl  AREAS 


OonofnI: 

Rofittmtion:  8  ploctt  (99,999,999  moi.) 

StnWIity;  S/ 100,000,000.  May  bo  tiondordiiod 
with  WWV  or  oxtornol  100  KC  or  1  MC 
primory  ilondord. 

Oitplny  TInto:  Vorioblo  0.1  to  10  toct;  or 
‘Hold" 

Inpwl  Vottngo;  I  v  min,  1.S  v  poak.  Rito  timo 
0.2  locondt  max. 

Inpnt  impodnneo:  Approx.  I  moaohm;  40  MMf 
•hunt. 

Prko:  $3,150.00  (.o.b.  (octory. 

Dole  subject  to  change  without  notice 
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A  Report  On 


'dind 


points  to  consider 


Today,  with  copper  readily  available,  a 
new  direction  in  clerical  and  electronic  de¬ 
sign  is  becoming  apparent.  There  is  a  grow¬ 
ing  acceptance  that  many  of  the  important 
new  design  requirements  besides  conductivity 
can  be  met  by  copper  itself  —  as  alloys,  as 
laminates  and  as  the  pure  metal.  Sometimes 
it  is  merely  the  method  of  use  which  is  chang¬ 
ed  to  achieve  optimum  performance.  But  this 
is  not  just  a  re^scovery  of  copper  —  it  is  also 
the  creative  development  of  new  alloys  and 
new  usages. 

Here  are  just  eight  of  the  more  important 
design  requirements,  besides  conductivity, 
which  are  currently  being  met  by  some  form 
of  copper: 

Conduotivlty  plus 

Strength  and  Reliability 

The  flexibility,  resiliency  and  fatigue  strength 
of  certain  copper  alloys  have  long  dictated  their 
use  wherever  reliability  was  important.  Some  of 
these  alloys  have  excellent  mechanical  qualities 
while  still  maintaining  high  conductivity.  Cad¬ 
mium  bronze,  for  example,  is  99%  copper  with 
tensile  strengths,  for  hard-drawn  wire,  up  to 
90,000  psi.  Excellent  spring  qualities  with  fatigue 
strength  and  wear  resistance,  even  at  high  tem¬ 
peratures,  can  be  obtained  with  beryllium  cop¬ 
per.  Superfine-grain  phosphor  bronze  is  a 
relatively  new  development  useful  in  applica¬ 
tions  where  enduring  contact-point  pressure  is 
most  important. 

The  reliability  of  the  copper  operative  parts  of 
electromechanical  choppers  is  a  basic  reason  for 
the  return  to  these  in  place  of  electronic  types  in 
a  number  of  missile  applications. 

CoiMiuotIvlty  plus  Host 

Dissipation  and  Hot  Strength 

Heat  conductivity,  of  course,  usually  parallels 


electrical  conductivity.  In  addition  to  the  obvious 
uses  of  this  property  in  heat  exchange  apparatus 
and  appliances,  many  current  applications  are 
taking  advantage  of  copper's  heat  conductivity, 
plus  its  good  joining  properties,  to  conduct  heat 
away  from  more  delicate  components  by  means 
of  cooling  vanes  and  heat  sinks. 

Chromium  copper's  greater  strength  at  ele¬ 
vated  temperatures  is  finding  new  uses  in  me¬ 
chanical-electrical  parts  such  as  commutator 
segments  and  resistance-welding  electrodes.  At 
200C,  for  example,  its  tensile  strength  is  about 
tadce  that  of  toug^- pitch  clipper. 

Conduotlvlty  plus 

Corrosion  Resistance 

Commercially  pure  copper  affords  excellent  re¬ 
sistance  to  industrial,  marine  and  rural  atmos¬ 
pheres,  and  to  water,  steam,  alcohol,  fuel  oil, 
gasoline  and  sewage.  Alloys  have  been  develop¬ 
ed  to  withstand  many  of  the  more  active  rea¬ 
gents.  Recognition  of  this  property  has  led  to 
non-electrical  uses  in  electrical  equipment 

Conductivity  plus 

Forming  Facility 

The  hot  and  cold  workability  of  copper  itself 
is  excellent.  In  addition,  coppers  containing 
small  amounts  of  tellurium  have  good  machin¬ 
ing  properties  while  still  retaining  high  con¬ 
ductivity.  And  extruded  shapes  can  often  be 
used  to  minimize  the  amount  of  forming  needed. 

Interesting  new  examples  of  copper's  work¬ 
ability  include  cold  rolling  to  thicknesses  less 
than  .0005  inches  (for  missile  computer  appli¬ 
cations,  foil  coil  transformers  and  flexible  printed 
circuits).  Another  new  development  is  the  cold 
bobbing  of  solid  copper,  maintaining  extremely 
close  tolerances.  With  this  process  it  is  possible 
to  produce  one-piece  magnetron  cavities. 
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its  ALLOYS 


conductivity 


Contfuotivity  plus  Joining  Fooility 

Copper  is,  of  course,  easily  and  firmly  soldered. 
Many  of  its  alloys  also  lend  themselves  well  to 
brazing  and  to  oxyacetylene  or  ga.s-shieided  arc 
welding.  New  methtsls  of  inert-gas  metal-arc 
welding  make  it  easy  to  w«>ld  pure  cupper. 

Conductivity  plus 

Bonding  Facility 

Copper’s  affinity  for  plating  has  made  possible, 
for  the  first  time,  a  really  good  bond  with  ti¬ 
tanium,  by  flash  coating  the  base  metal  with 
(X)pper  before  plating  with  titanium.  New  de¬ 
velopments  in  |>rint«>d  commutator-type  circuits 
can  take  advantage  of  the  exceptional  wear  re- 
sistaniv  of  rhislium  het'ause  of  the  gotxJ  bond  it 
will  form  with  th«*  copjier  wnductive  layer.  Con¬ 
tinuing  research  is  also  being  done  on  laminates 
of  copper  with  other  metals  and  plastics. 

Conduollvlty  plus  FInIsH 

Copper  and  most  of  its  alloys.  [larticularly  the 
nickel  silvers  and  low-rinc  brasses,  are  useful 
for  urnam(‘ntation  and  housings  because  of  their 
cold-working  profS'rties  and  their  ease  of  plating 
and  finishing.  The  new  fine-grain  brasses  pro¬ 
vide  a  surface  ideal  for  high  finish. 

Conductivity  plus  Avoiloblllty 

The  copper  industry’s  mine  reserves  and  pro¬ 
ductive  capacity  are  at  a  new  high.  Copper  and 
copper  alloys  are  now  available  in  more  shapes, 
sizes  and  material  specifications  than  ever  be¬ 
fore.  The  long-range  prospects  art'  so  g(K)d  as 
to  completely  dispel  any  reservations  lingering 
fnim  the  post-war  years  when  stock-piling  gave 
a  surface  appearance  of  short  supply.  Domestic 
mine  capacity  is  scheduled  to  increase  at  an 
average  rale  of  well  over  20.000  tons  per  year. 
Free-world  capacity,  allowing  for  depletions. 


shows  a  projected  15%  increase  during  the  next 
five  years. 

And  a  word  about  conductivity  itself.  Even 
this  classic  property  of  copper  merits  a  new 
examination.  For  example  —  silver-bearing 
copper,  containing  only  8  to  30  ounces  of 
silver  per  ton.  retains  the  high  conductivity 
of  copper,  but  has  higher  softening  tempera¬ 
tures— and  at  commercially  practical 
prices.  Speaking  of  price,  have  you  com¬ 
pared  copper  lately  on  a  cost-per-mho  basis 
with  8my  other  conductive  metal  you  might 
be  considering?  You  will  find  that  this  cost 
of  conductance  now  makes  it  piarticularly 
economical  to  take  advantage  of  copper’s 
other  properties. 

The  Coppei*  &  Brass  Research  Association 
is  anxious  to  cooperate  with  you  in  finding  a 
better  way  to  solve  your  problems  with  cop¬ 
per.  Write  CABRA,  420  I.<exington  Avenue, 
New  York  17,  New  York. 


There  s  a  mnv  frontier  in 
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NEW  Automatic  Electronic 
Cable-making  Machine  Announced 


(Los  Angeles,  California)  After  years  of  development,  The  cable  runs  for  K  &  1)  work  are  economically  feasible.  Zipper- 

Zipi)erlubing  Company  announces  production  of  a  machine  tubing  cables  can  l>e  re-o|)ened  for  additional  work  on  con- 

which  automatically  makes  cables  at  speeds  up  to  900  feet  doctors,  virtually  eliminating  the  great  costs  formerly 

per  hour.  This  machine,  occupying  only  24  square  feet  of  incurred  in  correcting  mistakes  in  prototype  development. 

(lour  space,  produces  cables  with  up  to  lOu  conductors  and  ^ 

is  so  simple  to  o|)erate  that  inexperienced  ]}ersonnel  can  make  4 m  f  { 

cables  to  any  specification. 

This  new  equipment  utilises  the  revolutionary  Zipper-  ffhw 

tuinng  cable  jacketing,  uhich  is  fed  into  the  machine  along 

with  the  required  number  of  conductors.  The  Zippertubing  |  ^  g 

then  is  automaticalK  w  raj)ped  around  the  conductors,  zip|>ed 
closed  and,  if  required,  jiermanently  fused  with  a  chemical 

sealer.  The  completed  cable  automatically  is  wound  on  the  A  it  '  ** 

take-up  reel  for  storage  or  shipping.  The  machine  w  ill  pro-  I 
duce  cable  from  '}»"  to  2V-!"  ().  D.  w  ith  larger  sizes  on  special  . 

order.  ...  _ 


0(».ie-w;»  of  head  .shouin/e  ZiiifH'rtlihinf!  jai  keting  and  eon- 
duetors  being  formed  into  cable  and  automatically  iealed, 


MEET  MIL  SPECS 

Cables  produceil  on  this  new  equi|>ment  meet  all  ne<-essary 
MIL  specs,  de|)ending  on  the  jacketing  material  and  the  pur¬ 
pose  for  which  it  is  to  be  used. 


CABLE  MACHINE  FREE 

One  of  the  purposes  of  this  new  machine  is  to  help  manu¬ 
facturers  reduce  their  ca|)ital  investment  ami  inventory  in 
electronic  cables.  A  s|HH'ial  plan  has  been  develo|>ed  whereby' 
manufacturers  who  use  lO.tHM)  feet  or  more  of  Zippertuhing 
jacketing  per  month  will  be  provitled  with  one  of  these 
machines  at  no  cost.  F'or  those  with  more  modest  require¬ 
ments.  the  machine  may  be  leased  very  inexpensively  with 
o|)tion  to  buy,  or  it  may  be  purchased  outright.  A  l(KJ/e» 
lifetime  guarantee  is  available  under  all  plans.  \\  hen  order¬ 
ing,  allow  three  weeks  for  deliverv. 


Cumplete  unit  with  wire  reels  in  place. 


MULTI-JACKETED  CABLES  IN  ONE  STEP 

By  using  Zippertubing  laminated  materials,  cables  which 
require  jackets  of  several  different  materials  can  be  made 
in  one  step  w  ithout  costly  re-handling.  Available  jackets 
include  copjwr,  aluminum  or  Co-netic  steel  in  combination 
with  such  materials  as  vinyl.  Mylar,*  or  fiber  glass.  Other 
laminates  for  high  temperature  exposure,  abrasion  protec¬ 
tion,  etc.,  also  may  be  used  in  the  machine, 


AVAILABLE  IN  THREE  PARTS 

'I'he  Zippertubing  cable  machine  may  lie  ordered  in  three 
units:  basic  unit.  whi<  h  includes  the  head  and  sealing  device; 
wire  payolT  unit,  which  contains  the  “tree"  and  spindles  for 
holding  the  wire  reels;  power  unit,  which  has  the  take-up  reel 
spindle,  frame  and  ILS  V  .\C  DC  motor  that  pulls  the  cable 
through  the  complete  process. 

For  complpte  ('at:iloK  infoi tnulinn  or  liclil  pii^inerrin"  service,  write  to 
th<-  inaniifactiircr;  The  Zippertuliiti;'  ( 'oiiipunv,  7.i2  So.  San  IVilrc»  St., 
Los  Aniieles  1 1.  (California.  T  W  X  I.  \  Kit).  .Sales  ollices  and  wareliou.ses 
are  located  in  all  principal  citie-. 

(adiertisement) 


SUBSTANTIAL  SAVINGS 

Up  to  90%  of  the  labor  costs  formerly  involved  in  fabri¬ 
cating  cables  are  elimitiated  through  the  use  of  the  Zipjter- 
tubing  Cable  Machine.  Only  limited  floor  space  is  necessary 
for  long-run  contitiuous  lengths,  and  material  w  aste,  skilled 
labor  investment  and  expensive  extruding  equipment  no 
longer  are  required.  Expensive  “minimum”  orders  for  cus¬ 
tom  extruded  cabling  as  well  as  delay  in  deliveries  also  are 
eliminated.  Because  of  the  flexibility  of  Zippertubing,  small 
•  Trademark  of  duPont. 
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Why  bother  with  a  makeehift  resistor  network  when 
you  want  to  look  at  pulse  shapes?  Especially  when 
you  can  use  the  new  convenient  IRC  Pulse- Viewing 
Resistors.  Available  with  a  phone  plug  which  can 
be  inserted  into  a  standard  phone  jack,  or  a  choice 
of  coaxial  connectors,  both  can  be  inserted  right 
into  the  circuit  .  .  .  thereby  saving  engineering 
and  test  time. 

END  TRANSIENTS  OR  RINGING -Transient  or  ring¬ 
ing  are  eliminated  by  a  special  construction  which 
reduces  inductance  to  .01  tUi  or  less. 

18  STANDARD  RESISTANCE  RANGES -Resistance 
values  from  0.22  to  150  ohms  in  15-watt  or  75-watt 
sizes  (DC  continuous  duty  rating)  make  it  easy 
to  test  a  wide  variety  of  pulse  radar  and  similar 
magnetron  circuits.  Resistor  elements  are  of  the 
highly-stable  film  type. 

INTERCHANGEABLE  CONNECTORS  AND  ELE- 
MENTS— IRC  Pulse- Viewing  Resistors  are  so  de¬ 
signed  that  resistance  values  and  connectors  can 


be  quickly  interchanged  through  use  of  a  kit  con¬ 
taining  4  sets  of  resistors,  4  sets  of  connectors 
(BNC-coaxial,  UHF,  Phone  Plug,  and  6-32  Stud), 
tools  for  assembly  and  necessary  hardware. 


WRITE  FOR 
NEW  BULLETIN  S-4A 


ifRlc 


INTERNATIONAL'  RESISTANCE  COMPANY 


COMPUTER  COMPONENTS  DIVISION 

D«pl.  374(401  N.  ftro«d  Si.,  PMod>>pliio  ^  Po 
In  iMfwoHowo*  Co.«  ltd.,  Toromo> 


1 
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six  not-so-funny  problems... 
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...one  happy  solution 

Has  the  analysis  of  n«in-rccurrinp  transients  presented  a  per¬ 
plexing  pniblem  to  you?  Are  you  usmg  a  conventional  scope 
or  recorder,  which  wastes  time,  money,  and  research  dollars? 

SOLUTIONt  The  Hughes  MEMO-SCOPE*  oscilloscope 
freezes  wave  forms  until  intentionally  erased.  Selected  transient 
information  may  be  triggered  externally  or  internally  and  re¬ 
tained  for  viewing.  Successive  wave  forms  may  be  written 
above,  below,  or  dirixrtly  upon  the  onginal  information. 


NUONiS  MIMO-ftCOPI  OKIllOSCOPI 

SWEEP  SPEED  FOR  STORAGE: 

10  microsacondt  to  10  tacondi  per  division  (0.33'). 

FREQUENCY  RESPONSE:  DC  to  250  KC  down  3  db. 

SENSITIVITY: 

10  millivoitt  to  50  volts  per  division  or  with  optional  high  sensitivity 
preamplifier  1  millivolt  to  50  volts  per  division. 

APPLICATIONS: 

Trouble  shooting  data  reduction  equipment. ..switch  and  relay  con¬ 
tact  study  ...  ballistics  and  explosives  research  ...  ultrasonic  flaw 
detection . . .  physical  testing  —  shock  -  stress  -  strain. 


If  you  liat'en'l  yet  seen  a  Jomoiislration  of the  Ml:M<.)-SCOPE 
oscilloscope,  ask  a  Huf^hes  represetitalive  to  arrant^e  otw.  He’ll 
tpdickly  Jo  so— at  your  conoenietur — in  your  area.  Please 
write  to: 

HUGHES  PRODUCTS 

MEMO-SCOPE  Oscilloscope 

Intcnuuonal  Airport  Stadun,  Lot  Angeles  45.  California 


Creating  a  new  worU  with  ELECTROS'ICS 


HUGHES  PRODUCTS 


O  1958,  Atrcrsfl  Company 
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...stx 


...five 


...four 


. . .  three 


When  the  target  is  space  and  a  million  dollars'  worth  of  missile  rests  idly  on 
the  ground— not  even  a  long  countdown  helps.  In  a  showdown  situation,  the 
successful  shoot  depends  on  the  “go,  no-go”  type  of  test  that  pinpoints  the  trouble. 


NEXT  TIME. ..LOOK  TO  INET 
FOR  PRECISE  GROUND  POWER 


This  INET  400-cycle  ground  power  unit  was 
tailor-made  for  the  Atlas.  In  meeting  all 
of  Convair’s  specifications  for  pre-flight 
calibration  of  electrical  systems,  the 
unit  operates  in  parallel  with  the  missile’s 
power  system  and  provides  remote  control 
regulation.  Frequency  regulation  is  ±0.2%. 
With  shock  load  equal  to  a  third  of  rated 
output,  frequency  recovers  to  ±0.2%  in 
0.15  seconds.  Voltage  regulation  is 
±0.5%  with  recovery  time  at  0.30  seconds. 


INET  DIVISION 


Missile  men  desiring  a  special  reprint 
of  the  above  cartoon  should  write  to 
“Count-down”, 
c/o  Inet  Division  of  Leach. 


CORPORATION 


18435  SUSANA  ROAD,  COMPTON,  CALIFORNIA 

DISTRICT  OFFICES  AND  REPRESENTATIVES  IN  PRINCIPAL  CITIES  OF  0  S  AND  CANADA 
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Originators  of  the  Digital  Voltmeter 

non-linear  systems 

■  SAN  DIEGO  COUNTY  AIRPORT, 

■  DEL  MAR.  CALIFORNIA 


NEW 
LOW- COST 
INDUSTRIAL 
VOLTMETER 


H«r«  it  the  greatest  value  ever  offered  in  a 
precision  instrunoenti  Look  at  the  features 
listed  above  . . .  features  that  assure  higher 
performance,  reliability,  and  accuracy 
than  provided  by  any  other  voltmeter. 
And  look  at  the  price  . . .  lest  than  one*half 
the  price  of  competitive  instruments. 

At  originator  of  the  digital  voltmeter, 

NLS  hat  led  the  way  in  developing  new 
manufacturing  techniques.  Now,  NLS  is  the 
first  to  mats  produce'^digitai  voltmeters 
and  make  possible  the  unique  combination 
of  high  performance  and  low  cost  in  the 
NLS  481 .  See  this  rugged  new  industrial 
voltmeter  demonstrated,  and  discover  why 
electronic  and  servo-type  digital 
voltn>efers  —  at  well  as  the  most  precise 
moving-coil  voltmeters  —  are  made 
obsolete,  by  the  NLS  4811 
Write  today  for  complete  specifications 
and  the  name  of  the  nearest  demonstrator- 
equipped  NLS  field  engineerl 

INSTkUMINTS  TO  MEIT 
IVI«Y  APPUCATION 

NLS  manufactures  the  most  complete  line 
of  three,  four,  five,  ond  six  digit  Instru¬ 
ments  for  automatically  measuring  DC  and 
AC  voltages,  voltage  ratio,  and  resistance. 
Complete  catalog  avalioble  upon  request. 
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NLS  Model  481 


Four-Digit  Digifai  Voltmotor 


•  Measures  DC  Voltages  from  1  MUlivoit  to  1,000 
Volts 

•  Displays  Measurements  on  llluminoted  Numerical 
Readout 

•  Scale  Factor  and  linearity  Accurate  to  0.01% 

•  10  Megohm  Input  Impedance 

•  Automatic  Range  Changing,  Decimal  Placement, 
and  Polarity  Indication 

•  New  $nap-in  Readout  Assembly 

•  Furnished  Complete;  No  Extras  to  Ruy 


O 


F.O.B.  Del  Mar,  California 


I 


ii 

I 


Here’s  why  you  get  the  safest,  most  depenuuwic 
electrical  protection  .  .  .  when  you  specify 
BUSS  or  Fusetron  Fuses 


Each  BUSS  and  FUSETRON  fuse 
is  designed  and  made  to  meet  the 
highest  standard  of  dependability. 
Every  fuse  is  then  tested  in  a  sensitive 
electronic  device  that  automatically 
rejects  any  fuse  not  correctly  cali¬ 
brated,  properly  constructed  and  right 
in  all  physical  dimensions. 

The  dependability  of  BUSS  and 
FUSETRON  fuses  provides  equipment 
with  maximum  protection  against 
damage  due  to  electrical  faults  and  — 
prevents  useless  shutdowns  caused 
by  faulty  fuses  blowing  needlessly. 


By  operating  as  intended,  BUSS  and 
FUSETRON  fuses  help  safeguard  the 
reputation  of  your  equipment  for  .serv¬ 
ice  and  reliability. 

To  meet  your  needs,  —  there’s  a 
complete  line  of  BUSS  and  FUSE¬ 
TRON  fuses  in  all  sizes  and  types,  .  .  . 
plus  a  companion  line  of  fuse  clips, 
blocks  and  holders. 

If  you  have  an  unusual  or  difficult 
electrical  protection  problem  .  .  . 

.  .  .  the  BUSS  fuse  research  labora¬ 
tory  and  its  staff  of  engineers  are  at 


your  service.  In  many  cases,  our 
engineers  can  help  you  save  enginet'r- 
ing  time.  Whenever  possible,  a  fuse 
will  be  selected  that  is  readily  available 
in  local  wholesalers*  stocks  so  that  your 
equipment  can  easily  be  serviced. 

For  more  information  on  the  com¬ 
plete  line  of  BUSS  and  FUSETRON 
Small  Dimension  Fuses  and  Fuse- 
holders,  write  for  bulletin  Sf'B. 

■USSMANN  MrO.  DIVISION,  McOraw- 
Edison  Co.,  University  at  Jefferson, 
St.  Louis  7,  Mo. 


BLSS  fuses  are  made  to  protecc —  not  to  blow  needlessly 


fmnrwmmmv  m^mit  m 
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now 

most  comprehensive 
line  of  NPN  high-speed 
switching  transistors 


12  RELIABLE  COMPUTER  TYPES  FEATURING: 

•  Faster  switching 

•  Higher  voltage 

•  Lower  cutoff  current 

•  Lower  saturation  resistance 


^^3  R|q  Rq  Qpq  ffljH 


CBS-HYTRON  was  first  with  the  most  flexible  selec* 
tion  of  over  100  PNP  power  transistors.  Now,  it 
offers  the  most  comprehensive  line  of  mass-produced 
NPN  transistors  for  high-speed  switching  and  high- 
frequency  amplification. 

They  are  NPN  alloy-junction  germanium  for 
greater  uniformity,  higher  voltage  and  current,  flat¬ 
ter  gain,  and  lower  saturation  resistance.  They  em¬ 
ploy  the  JETEC  TO-9  package  welded  for  reliability. 
They  offer  high  frequency  response,  switching  speed, 
operating  voltage,  current  amplification  factor,  and 
di.s.sipation  rating.  And  low  leakage  current  and  col¬ 
lector  capacitance. 

The  handy  tables  let  you  select  for  application, 
dissipation  and  frequency  the  types  you  need.  Call 
or  write  your  regional  sales  office  or  the  Lowell 
general  sales  office  for  technical  bulletin  E-29.3-302 
and  for  application  and  delivery  information . .  .today. 


TYPES  AVAILABLE 

FOR  LOGIC  CIRCUIT 


too  ISO 

M<ximum  Ditsipation  in  Milliwatts 

I 


?  6 
3 

7 

Ifc 

1  3 

a 

100  150 

Maximum  Dissipation  in  Milliwatts 


FOR  CORE  DRIVER 


1  2N358 

2N388 

^  2N357 

2N385 

2N356 

2N377 

•Afore  reliable  products 

through  Advanced-Engineering 


semiconductors 


CBS-HYTKON,  Semiconductor  Operations 
A  Division  of  Columbia  Broadcasting  System,  Inc. 

Sales  Offices:  Lowell,  Mass.,  900  Chelmsford  Street,  Glenview  4-0446  •  Newark,  N.  J.,  32  Green  Street,  Market  3-5832 

Melrose  Park,  III.,  1990  North  Mannheim  Rd.,  Estebrook  9-2100  •  Los  Angeles,  Calif.,  2120  S.  Garfield  Ave.,  Raymond  3-9081 
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New  Blaw-Knox  85^  Diameter  Tracking  Antenna 


This  newest  Blaw-Knox  85'  Diameter  Tracking  Antenna 
will  be  part  of  a  telemetering  operation  connected  with 
missile  and  satellite  development. 

Its  design  is  fully  determinate.  All  structural  members 
of  the  assembly  are  analyzed  for  stress  and  deflection 
before  fabrication.  Coupled  with  shop  fabrication  and 
field  erection  to  rigidly  accurate  tolerances,  it  is  capable 
of  the  highest  gain,  with  a  minimum  of  distortions 
or  aberrations. 

The  entire  drive  system  embodies  such  critical  design 
requirements  as  infinitely  variable  movement  with  negli¬ 
gible  creep  or  overrun  for  tracking.  The  slewing  drives 
are  capable  of  the  extremely  rapid  acceleration  and 
deceleration  necessary  to  focus  on  supersonic  targets. 

Pioneering  like  this  is  the  latest  step  in  a  long  series 
of  Blaw-Knox  developments.  Such  milestones  as  the 
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Guyed  Vertical  Radiator  design  in  AM  radio,  the  first 
radar  antenna  used  to  bounce  signals  off  the  moon,  and 
the  TroiX)spheric  Scatter  Antenna  for  over-the-horizon 
television  have  marked  Blaw-Knox  as  a  world  leader  in 
advanced  design,  fabrication  and  erection  techniques. 

Blaw-Knox  welcomes  the  opf)ortunity  to  translate 
your  most  advanced  concepts  into  highly  reliable 
Oficrating  equipment.  Contact  the  Antenna  Group. 

A.nt0nil£lS — Rot.ating,  Radio  Telescopes,  Radar, 
Tropospheric  and  Ionospheric  Scatter. 

BLAW-KNOX  COMPANY 

aiAWKNOlD-  Blaw-Knox  Equipment  Division 
Pittsburgh  38,  Pennsylvania 
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SCALE  MODEL  of  85  diameter  tracking  antenna,  now 
under  construction.  Reflector  foce  surface  it  fabricated 
from  Aluminum.  Pedestal,  Polar  Cage,  Declination 
Cage  and  back-up  structure  are  of  galvanized  steel. 
Scale:  Vi'  -  V. 


A 


1 


MODtL  a9«0  MICflOWAVI  MIOIIVBII 

tF  frtqutncy  30  me 

BtiHfwidth  (ov«r»ll)  13  me  at  3  db  points 
j3aln  IP  amplifier  65  db  min. 

30  db  mla 


Attenuation  range,  calibrated  0^  db  ±  0.2  db  above  5  db  at  30  me 
$eif-containtd  local  osc.  power  supply  600-800v  at  SO  ma.,  beam  supply 
Self-contairted  AFC  System.  Constant  IF  type  with  a  time  constant 
of  ab(wt03$ec. 


For  highly  accurate  measurements 


at  all  microwave  and  UHF  frequencies 


MICROWAVE  RECEIVER 


This  Sperry  Microline*  Receiver  is  a  precision  instrument  of 
great  accuracy  enabling  measurements  at  all  microwave  and 
UHF  frequencies. 

Model  296C  can  be  used  for  measuring  coupling  and 
directivity  of  directional  couplers,  relative  field  strength,  very 
high  and  very  low  VSWR,  antenna  patterns  and  as  a  general- 
purpose  microwave  laboratory  receiver.  In  addition,  this 
receiver  was  designed  for  use  as  a  good  secondary  standard 
of  attenuation. 

A  completely  self-contained  unit,  it  includes  a  30-mc  pre¬ 
amplifier,  30-mc  IF  amplifier,  30-mc  calibrated  attenuator, 
local  oscillator  power  supply  and  AFC  circuits.  The  296C 


requires  only  the  use  of  a  local  oscillator  and  an  appropriate 
mixer  for  operation  at  any  microwave  or  UHF  frequency. 

•TM  Keg.  V.  S.  Pal.  Off. 


MICROWAVE  ELECTROHICS 

CLEARWATiR.  FLORIDA 

Division  of  Sperry  Rand  Corporation 

ADDRESS  ALL  INQUIRIES  to  Clearwater,  Florida  or  Sperry 
Gyroscope  offices  in  New  York,  Cleveland,  New  Orleans,  Los 
Angeles.  San  Francisco,  Seattle. 
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r^ogre^s  /s  Our  Most  /mpor^anf  T^oduct 


GENERALB  ELECTRIC 


The  G-E  Power  Tube  Microwave 
Laboratory  is  located  at  Stanford 
Industrial  Park,  Palo  Alto,  Cali¬ 
fornia  where  it  was  one  of  the 
Park’s  pioneer  installations.  Its 
staff  of  scientists  and  engineers 
has  the  advantage  of  technical  ex¬ 
change  with  Stanford  University 
faculty  and  research  staffs,  as  well 
as  with  General  Electric’s  own 
Research  and  General  Engineer¬ 
ing  Laboratories. 


RADAR  CAPABILITY  BROADENED  BY  HIGH- 
TUBES  DEVELOPED  AT  GENERAL  ELECTRIC 


Development  of  advanced  high-power,  pulsed  traveling-wave 
tubes  at  the  Power  Tube  Department’s  Microwave  Laboratory  at 
Palo  Alto,  California,  is  contributing  substantially  to  the  broadening 
of  radar  frequency  ranges.  Vital  accomplishments  provided  are:  high 
pulse  powers  over  wide  instantaneous  bandwidths;  periodic  permanent- 
magnet  focusing;  novel,  light-weight,  rugged  tube  structures.  In  addi¬ 
tion  to  systems-oriented  work  at  X  band,  developments  are  progressing 
at  L,  S,  C,  and  K  bands. 

Traveling- wave  tube  pioneering  is  only  one  of  a  broad  range  of  micro- 
wave  activities  being  conducted  at  the  G-E  Microwave  Laboratory.  The 
Laboratory’s  helds  of  activities  are  applied  research,  advanced  develop¬ 
ment,  and  product  design  in  microwave  tubes  and  microwave 
techniques.  All  development  work  is  done  with  an  eye  to  practical, 
economical  manufacture  —  thus  minimizing  the  time  lapse  between 
prototype  development  and  quantity  production— and  to  the  realistic 
tube  needs  of  future  microwave  equipment.  Technical  inquiries  per¬ 
taining  to  advanced  microwave  tube  development  invited.  Power  T ube 
Department,  General  Electric  Company,  Schenectady,  New  York. 


professional  opportunities  available  for  engineering  and  scientific  personnel.  Inquiries  invited. 


i 


Effecti  of  high-average  power  tests  on  a  multi- 
megawatt  traveling-wave  tube  are  described  by 
Project  Engineer  K.  Zublin  (center).  Other  mem¬ 
bers  of  the  project  team  (left  to  right);  E.  J.  Nalos, 
R.  M.  Phillips,  R.  A.  Craig  and  R.  P.  Borghi. 
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AEROCOM'S  1046  H.  F.  TRANSMIHER 


POWER  « STAG  I LITY 


1000  WAHS 


003%  STABILITY 


Rugged,  versatile  general  purpose  H.  F. 
transmi  t  ter — Aerocom  's  1046 packs  1000 wa  tts 
of  power  and  high  .003%  stability  under 
normal  operating  conditions  (O^to  +  SO^C.). 
Excellent  for  point-to-point  or  ground-to^ 


air  communications. 


Multi-channel  operation  on  telegraph  Al, 
or  telephone  A3  with  GM-8A  modulator . . . 
new  Aerocom  1046  can  be  rtmottly  controlled 
with  TMC-R  at  control  position  and  uses  only 
one  pair  of  telephone  lines.  In  A3  operation, 
the  local  dial  control  panel  is  located  in 
modulator  cabinet. 


•  • 


Transmitter  cabinet  has  8^  inch  panel 
space  available  for  either  local  dial  control 
panel  or  frequency  shift  keyer. 


Model  1046  operates  on  4  crysul-controlled 
frequencies  (plus  2  closely  spaced  frequen¬ 
cies)  in  the  band  2.0—24  Mcs.  Operates  on 
one  frequency  at  a  time;  channeling  time 
2  seconds.  Operates  into  either  balanced  or 
unbalanced  loads.  Operates  in  ambient  -35^ 
to+50*  C.  Power  supply:  nominal  220  volts, 
30-60  cycles,  single  phase. 

Complete  technical  data  on  request 


Now!  Complete-package,  192  channel,  H.  F., 
75  pound  airborne  communications  equipment 
by  Aer-O-Com!  Write  us  today  for  details! 


COM 


3090  S.W.  37th  AVENUE 


MIAMI  33,  FLORIDA 
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PENACOOK,  NEW  HAMPSHIRE 


Series  of 
INDICATING 
INSTRUMENTS 


D.  C.  MILLIAMPERES 


nkrtncal  fnstnimnit  Co,  Inc. 


0.  C.  MILLIAMPERCS 

9  fil^ctrictU  tnMf.  Co.,  fnc, 
\  w  H 


Model  70 
Width  7" 
Height  5  Vi 


Model  230 
Width  4%' 
Height  3  % 


Model  140 
Width  3%' 
Heigth  2  % 


The  PANORAMA  gives  you  better,  clearer  vision 
and  longer  scales,  with  easier  readability. 

The  plastic  panel  provides  excellent  natural 
illumination,  top,  sides  and  front. 

Available  with  frosted  portion  or  color  of  your  choice. 

The  ultra  modern  beauty  of  the  PANORAMA 
will  add  much  to  your  product. 
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TRICK,  the  world's  most  advanced  computer, 
saves  many  minutes  over  time  currently  required 
for  ballistic  missile  impact  prediction.  TRICE 
modules  (Integrators,  Multipliers,  etc.)  can  be 
assembled  as  a  special  purpose  computer  for 
dynamic  systems  or  as  a  digital  differential  analyzer. 
Its  incredible  speed  of  1 00,000  iterations  per  second 
in  parallel  is  unaffected  by  the  size  of  the  problem. 
The  first  model  is  in  operation  at  the  U.S.  Army 
Ordnance  Missile  Command.  Huntsville,  Ala. 

Write  for' literature  describing  TRICE 
and  its  many  uses:  aerodynamic  sta¬ 
bility.  control  system  stability,  impact 
prediction,  stable  platform  calcula¬ 
tions,  satellite  orbit  predictors  and 
others. 


ENGINEERING  BEYOND 
THE  EXPECTED 

TRICE  (Transistorized  Realtime  Incre¬ 
mental  Computer,  Expandable)  is  the  first 
computer  to  combine  the  accuracy  and 
repeatability  of  a  digital  computer  with  the 
speed,  flexibility  and  ease  of  programming 
of  an  analog  computer. 


12333  W.  Olympic  Blvd. 

Los  Angcic*  34,  Calif.  BR.  2-2171 
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As  histories  go,  ours  is  not  ancient. 
This  is  only  our  fifteenth  year,  but  we  have 
had  a  progressive,  action-packed  fifteen 
years. 

In  July  of  this  year,  the  doors  of  our 
fine  new  plant  opened  for  the  first  time  and 
provided  our  proudest  moment. 

This  new  plant  of  ours  is  a  model  of 
modern  wire  and  cable  production.  From 
raw  materials  to  finished  product,  efficiency 
and  economy  of  manufacturing  is  the  key¬ 


note.  Equipment  matches  the  skill  of  our 
people  in  this  broad  expanse  of  floor  space 
.  .  .  providing  a  perfect  setting  for  the  new 
product  developments  which  have  marked 
our  growth  from  the  firm’s  inception. 

We  are  looking  "forward  to  providing 
you  with  a  superior  brand  of  service  from 
the  expansive  new  home  of  Phalo. 

Visit  us  when  you  can  .  .  .  we’ll  be 
happy  to  show  you  our  model  plant  from 
one  end  to  the  other. 


530  BOSTON  TURNPIKE 

PLASTICS  CORPORATION 

SHREWSBURY,  MASS. 


Plant  Cnnatructlon  By  Lilly  Conutructlon  Company,  AlUton,  Mana. 
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Volume  output  makes  Tung-Sol/Chatham 
6528  available  for  widespread  use! 


Enthusiastic  acceptance  of  the  6528  Twin  Power  Triode 
forced  rapid  expansion  of  production  quotas,  in  turn 
resulting  in  lower  manufacturing  costs.  These  savings  are 
reflected  in  lower  prices  to  the  user  making  Type  6528 
economically  practical  for  a  vast  number  of  new  industrial 
and  military  applications. 

Type  651^  requires  fewer  passing  tube  sections  .  .  . 
permits  lower  range  control  circuits  . . .  and  combines  low 
internal  tube  drop  with  top  control  sensitivity  —  a  definite 
advantage  over  previous  series  regulators.  Also,  6528 
triodes  may  be  used  in  parallel  or  separately.  This  simpli* 
fies  circuitry  .  .  .  saves  space. 


DisiON  nATuais  or  tuno-soi/chatham  vrn  assti  ^  J 

1  Hard  glou  •nv«leg«  pormilt  full  ovi-goiiing  .  .  .  tokM  j 
liigKar  lumpufaturur  wiikoul  goi  uvolulion  .  .  .  incrooMt  EM 

>'  IHormal  *l«ock  rurUtoncu. 

2  ZtrcoflIwM-cootud  graphil*  enodut  atiura  uicullunl  g«l>  . 
faring.  Orapliila  virtually  unafluclud  by  float. 

2  Ovortiso  colfiodot  provido  odoguato  owittian  rotorva 
...  otlminoto  ilandby  dotoriorotion. 

4  liitra-rvggod  grid*.  Sturdy  chromo-cappor  tido  rod* 
support  gold>platod  oiolybdonuM  loloral  wiros. 

5  Ovorall  ruggodnoss.  AAotol  inubbors  and  coromic  insula- 
fort  support  mount.  Hoovy  button-slom  fiat  rigid  sup¬ 
port  loads. 


Tung-Sol  Electric  Inc.  specializes  in  special-purpose 
tube  devel^ment  .  .  .  can  match  any  design  requirement 
you  have.  For  full  data  on  Type  6528  ...  to  fill  any  power 
tube  socket  .  .  .  contact:  Tung-Sol  Filectric  Inc.,  Newark 
4,  N.  J.  Commercial  Engineering  Offices:  Bloomfield  and 
Livingston,  N.  J.;  Culver  City,  Calif.;  Melrose  Park,  Ill. 

TYPE  6528  RATINGS 

Max.  plate  dissipation  per  tube . 60  watts 

Max.  plate  dissipation  per  section . 30  watts 

Max.  steady  plate  current  per  section . 300  ma. 

Max.  plate  voltage  . 400  volts 

Max.  heater  cathode  voltage . 300  volts 

Amplification  factor* . 9 

Transconductance  per  section* . 37,000  pmhos 

*  Average  characteristics  at  =  lOOv,  —  — 4v,  =  185  ma. 
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New 

Electro  Instruments 
A-12  DC  amplifier 
totally  transistorized 

equal  to  or  better  than  the  best 
vacuum  tube  instruments! 


Input  Impedance; 
Source  Impedance: 

Drift: 

Ambient  Temperature: 
Noise  (Referred  to  input): 

Frequency  Response: 
Output  Capability: 


SPECIFICATION  SUMMARY 


Single  Ended  Input 

Fixed  gain  set  to  any  value  from  10  to  1000  inclu* 
sive  by  front  panel  plug-in  units.  Gain  switching 
plug-in  attenuator  available  with  gains  of  0,  10, 
20.  50.  100,  200,  500  and  1,000.  Adjustable  up¬ 
ward  6db  from  setting  with  potentiometer, 

100  megohms  shunted  by  0.001  mfd  (typical). 
5K  or  less  (to  meet  noise  specification). 

Less  than  2  microvolts  in  200  hours  at  constant 
ambient  temperature.  Less  than  0.4  microvolt 
per  degree  centigrade. 

0*  to  50*C. 


0-3  cps  5  microvolts  peak  to  peak 
0-750  cps  4  microvolts  rms. 

0-50  kc  8  microvolts  rms. 

±3db  to  50  kc  (typical);  ±  1.0%  to  2  kc 
±10  volts  at  ±100  ma  DC  or  peak  AC  to  10  kc 


The  new  Mcxlel  A-12  DC  Amplifier  is  the 
preferred  systems  link  for  amplification, 
normalization  and  impedence  transforma¬ 
tion.  Use  of  solid  state  elements  assures 
maximum  reliability;  power  dissipation  is 
only  seven  watts.  Mil-type  components 
are  mounted  on  coated  plug-in  printed 
circuit  boards  for  protection  against  vibra¬ 
tion  and  corrosion. 


versatility  plus  economy 

Electro  Instruments  produces 
a  series  of  plug-in  mode 
selectors  and  attenuators 
for  the  A-12:  single  ended, 
differential  and  operational, 
fixed  and  variable  gain. 


Write  today  for 
complete 
spe^fications  on 
ginf’le-ertded, 
differential  and 
operational  modeU. 


Fvnv  - - 

Instrum^ffHs* 

lne«. 

39(0  A«ro  Court 
San  Olago  11,  California 


Eight  to  a  rack 
The  A-12  is  packaged 
for  high  density  use; 
mounts  eight 
across  in  19*  relay 
rack  panels. 
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i  Hjronofl 


extremely  pure,  'Baker  Analyzed’  REAGENT 


6V2  GALLON  CARBOYS 

I0-LB..MB.  B^'us 


in  your  choice  of 


rot  PIICIl  AND  AODITIONAl  INrOIMATION,  WtITI  Ot  PHONE 

J.  T.  Baker  Chemical  Co. 

Phllllpsburg.  New  Jersey 


•  •  •  lunctional,  ^  C 

labor-saving  packaging 
for  your 

SAFETY  -  CONVENIENCE  •  ECONOMY 
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HYDROFLUORIC  ACID  is  a  key  processing 
chemical. 


To  meet  the  sharply  rising  demand  for  Hydro¬ 
fluoric  Acid  manufactured  to  J.  T.  Baker’s 
exceptional  standards  of  quality.  Baker  has  once 
more  expanded  production  facilities.  In  addi¬ 
tion  to  dependable,  on-time  deliveries.  Baker 
offers  you: 


YOUR  CHOICE  OF  CONTAINER  SIZES;  64  gallon 
'  polyethylene  carboys,  10-lb.  and  1-lb.  polyethy¬ 
lene  bottles. 


SAFE, CONVENIENT, LABOR-SAVING  PACKAGING; 

Carboys  and  10-lb.  bottles  expedite  convenient 
handling  of  large  quantities  of  acid.  The  Baker 
1-lb,  bottle  makes  possible  more  rapid  pouring 


than  competitive  1-lb.  containers  and  with  an 
added  safety  factor:  There’s  no  diaphragm  to 
puncture— no  danger  of  "acid-spurt.” 


PURITY:  Baker  manufactures  in  conformance 
with  extremely  high  standards  of  purity.  Speci¬ 
fications  assure  that  copper  and  nickel  each  will 
not  exceed  H  part  per  million. 


ACTUAL  LOT  ANALYSIS;  E^ch  container  is  labeled 
with  the  actual  lot  analysis  defining  copper, 
nickel  and  eight  other  significant  impurities. 


ACTUAL  LOT  ASSAY:  You’ll  appreciate  this 
"J.  T.  Baker  extra”  especially  important  for 
your  use. 


FULL  AVAILABILITY  AND  FAST  SERVICE -from 
expanded  production  facilities. 


Z^EiS 


from  N  EW 


icrowave 


DECADE 


T 

Xwo  new  Standard  Frequency  Multipliers,  the  Types  ni2-A  and  1112-B,  extend  the  range  of  General 
Radio’s  line  of  frequency-measuring  equipment  to  well  beyond  the  X  band. 


Extremely  low  noise  characteristics  and  high  stability,  primary  objectives  in  the  development  of  these 
instruments,  permit  their  use  for  precise  measuring  applications.  Telemetering,  guided-missile  tracking,  spec¬ 
troscopy  and  atomic-resonance  investigations,  radar  and  navigation-systems  work  are  but  a  few  of  the  areas 
where  signals  of  this  quality  are  needed. 

Submultiples  of  output  frequencies  are  missing  —  all  spurious  signals  other  than  harmonics  of  the  desired 
output  are  more  than  100  db  below  the  nominal  output  signal.  Long-term  frequency  stability  is  dependent  only 
upon  the  driving  source.  Short-term  stability  is  actually  so  much  better  than  that  of  other  types  of  frequency 
multipliers  that  measurement  of  performance  is  difficult  —  data  will  be  available  later. 

The  new  Multipliers  are  versatile  and  convenient  in  use:  for  example,  accurate  measurements  of  microwave 
frequencies  may  be  made  by  using  a  simple  distorting  and  mixing  diode  to  produce  higher  frequency  har¬ 
monics  for  comparison  against  an  unknown  signal.  For  such  work,  a  ‘‘picket  fence”  of  standard-frequency 
markers  can  be  generated  (with  suitable  adding  network),  against  which  the  unknown  can  be  located  quickly, 
unambiguously,  and  accurately. 


on  every 
Product 


t«ar  vi«w  of  TyM  1 1 MulHplUr.  Detail  shows 
r-f  head  with  klystron  installed  in  resonator  and 
grounded-grid  lOOO-Mc  amplifier  with  cover  open. 


Rear  view  of  Type  111  3-A  Multiplier  with  chassis 
assembly  swung  open.  Covers  are  removed  from 
1  to  10-Mc  multiplier  stages. 


WK  SEI.L  DIRECT.  Our  District  Sales  Offices  are  staffed  by 
engineers  especially  trained  to  help  you  in  the  selection  of  instruments 
and  measuring  systems  best  suited  to  your  needs.  We  welcome  your 
inquiries  —  will  help  solve  your  problems. 


r\ 

100  Kc 
1  Me  I 
2.5  Me  ' 
or  I 
5  Me  1 
Input 


/  ST*N0*«)  \  ‘ 
VfWOOCMCYy 


JS,  KXX>Mc 
^  50"- 


Type  1112-A 

STANDARD  FREQUENCY  MULTIPLIER 

l-Mc.  lO-Mc,  and  tOO-Mc  output  frequencies  are  generated  by  sep¬ 
arate  crystal  oscillators  that  are  phase  locked  to  the  input  frequency 
to  insure  extremely  low  f-m  and  a-m  noise  levels.  (See  diagram  for 
typical  decade.)  Use  of  quartz-crystal  resonators  in  each  of  these 
oscillators  provides  the  highest  possible  Q  for  stabilizing  amplitude 
and  phase.  With  this  technique,  it  is  possible  to  avoid  much  of  the 
noise  commonly  associated  with  multipliers  that  do  not  have  such 
high-0  filters,  and  consequently,  to  actually  improve  the  S/N  ratio 
of  the  output  signal. 


Type  1112-B 

STANDARD  FREQUENCY  MULTIPLIER 

lOOO-Mc  output  is  generated  directly  by  a  6BM6  klystron  that  is 
phase-locked  to  the  lOO-Mc  input.  Input  is  multiplied  to  900  Me  ant! 
mixed  with  the  lOOO-Mc  output  from  the  klystron  oscillator  to  produce 
a  lOO-Mc  beat.  The  difference  frequency  is  amplified  and  limited  to 
reduce  a-m  noise,  and  then  compared  to  the  lOO-Mc  input  in  a  bal¬ 
anced  phase  detector.  The  output  from  the  phase  detector  controls 
klystron  frequency  by  varying  repeller  voltage.  Phase-modulated  noise 
normally  produced  by  a  klystron  is  greatly  reduced  by  a  wide-band.  or 
fast-acting  automatic-phase  control. 


STABIllTYi 

PRICI: 


1-volt.  100-kc  sine  wave  from  Q.R  Type  1100-A  Fre¬ 
quency  Standard  or  equivalent.  Can  be  driven  by  1-Mc. 
2.5-Mc,  or  5-Mc  standard-frequency  signal  as  well. 

I -Me.  10-Mc,  and  lOO-Mc  sine-wave  signals;  output 
level  of  each  independently  adfustable  with  maximum 
of  20mw  into  50  ohms. 

Long-term  stability  dependent  only  upon  driving  source. 
$1430. 


OUTPUT 

STABILITY; 

PRICE 


100-Mc  sine  wave  from  Type  1112-A  or  equivalent, 
input  impedance  is  50  ohms. 

1000-Mc  sine  wave;  at  least  50mw  into  50-ohm  load. 
Long-term  stability  dependent  upon  driving  source. 

$1360. 


Writ*  for  Complot*  litformcrtioit  on  G-R  Froquoncy  Standards. 


GENERAL  RADIO  COMPANY 

275  Massachusetts  Avenue,  Cambridge  39,  Massachusetts,  U.  S.  A. 

NEW  YORK  AREA:  Tel.  t4.  Y.  WOrIh  4-2772.  N.  J.  WHitney  3-3140  CHICAGO:  Tel.  Vlllafe  1-9400 
PHILADELPHIA:  Tel.  HAncock  4-7419  WASHINGTON,  D.  C.:  Tel.  JUniper  S-1088 

SAN  PRANOSCO:  Tel.  WHitecliR  8-8233  LOS  ANGELES  38:  Tel  HOIlywood  9  6201 

bi  CANADA  TORONTO:  Tel.  CHerry  6-2171 
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GUARANTEED  PERMEABILITY  OF  MOLY  PERMALLOY. . . 
at  values  higher  than  old  average  specifications 

Molybdenum  Permalloy  nickel-iron  strip  is  now  avail-  Another  plus  in  dealing  with  Allegheny  Ludlum  is  the 
able  from  Allegheny  Ludlum  with  permeability  operation  of  complete  lamination  fabrication  and  heat 

values.  And  the  new  guarantees  are  much  higher  than  treatment  facilities.  A-L’s  years  of  experience  in  produc- 

the  old  typical  values.  This  exceptionally  high  quality  ing  quality  laminations  result  in  practical  know-how  in 
means  absolute  uniformity  for  the  user— new  consistency  solving  problems  common  to  core  materials, 

and  predictability  for  magnetic  core  performance.  This  working  knowledge  is  available  to  all.  Give  us  a 

Improved  permeability  of  A-L  Moly  Permalloy  is  the  call  for  prompt  technical  assistance  on  any  problem 

result  of  Allegheny’s  program  of  production  research  on  involving  electrical  steels,  laminations,  or  magnetic 

nickel -bearing  electrical  alloys.  A  similar  improvement  materials.  Write  for  more  information  on  A-L  Moly 

has  been  made  in  AL-4750  strip  steel.  Research  is  con-  Permalloy.  Allegheny  Ludlum  Steel  Corporation,  Oliver 

tinuing  on  silicon  steels  including  A-L’s  famous  Silectron  Building,  Pittsburgh  22,  Pa.  Address  Dept.  E-9. 

(grain  oriented  silicon  steel),  plus  other  magnetic  alloys. 

WtW  7179 

ALLEGHENY  LUDLUM 

STVaLMAKBRS  TO  THB  ■I■■CTRICA^.  INDUSTRY 

Export  distribution.  Eloctrical  Matorials:  AIRCO  INTERNATIONAL  INC.,  NYC  17 
Export  distribution.  Laminations:  AD.  AURIEMA,  NYC  4 
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tlie  most  versatile 


Combining  all  these  features 


^  ttobU  d-c  ••nsitivity  of  ono  microvolt  por  mm 
truo  difforontiol  input 
•ff  high  input  impodonco 
^  rosponto  to  boyond  150  cpt. 

'{f  roluctonco,  difforontiol  trontformor,  strain  gogo  virith 
o-c  or  d-c  oxcitotion,  thormocouplos,  otc.,  usod  with 
oil  ompiifiors 

^  dofloction  timo  lost  than  2  millitoconds 
^  fixod  procition  calibration 
^  instant  warm-up 

^  procision  sourco  for  d-c  and  400  cycio  oxcitotion, 
soH-containod 


^  zorosupprossion,  twontytimos  full  scalo,  both  diroctions 


all  these  features... plus  8  channels  in  only  3374 of  rack  space 


Whatever  your  application  for  direct  writing  recorders 
.  .  .  you  should  investigate  the  ability  of  the  Offner 
Type  R  Dynograph  to  do  the  job  belter  and  more 
simply.  Using  transistor  circuits*  developed  and  tested 
for  over  two  years  in  hundreds  of  channels  of  Offner 
medical  equipment,  the  Type  R  Dynograph  is,  we  be¬ 
lieve,  superior  in  practically  every  respect  to  any  other 
direct  writing  oscillograph.  Write  on  your  company 
letterhead  for  literature  giving  details  and  specifications. 

'Patents  granted  and  pending 


IXntlMi  SiNSinVITY— 

10  Mkrovoll  ilMS  Ton  MlcravoO 

Shw  Wova  D-C  S^uom  Wava 

Rmr  rtconhng  media.  Heat  or  electric  rectilinear 


3906  River  Road,  Schiller  Park,  III. 

(Suburb  of  Chicago) 
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REGOHM  REGULATOR 


FINCCM 
PUSH  BAH 


CONTACT  FIN6CIIS 


CONTACTS  A 


in  this  applicAtlon,  tti«  RCaOHM  tlgnal  call 
taniMa  filament  amluian,  and  awitchas  raala- 
tars  (R'l  thru  R-11)  in  ar  out  in  aaquanea  bi 
correct  for  chantea  in  Input  voltafo,  and  alaa 
far  chai«os  In  emiaaion  aa  the  filament  atea. 


CONTROL, 

RESISTORS 


RECOHM  REGULATOR  MAINTAINS  CRITICAL 
0.05%  ELECTRONIC  EMISSION  IN  DIATRON  CIRCUIT 


“Tha  final  daaign  waa  moda  peaaibla 
by  tba  llactric  Ragulater  Corperafion'a 
tan  atap  contact  finpar  rapulator  .  . 

That  is  the  tribute  paid  to  REGOHM'S 
multi'Contact  voltage  control  by  Consoli¬ 
dated  Electrodynamics'  engineers  in  speaking 
of  their  Type  24-210  Leak  Detector. 

The  REGOHM  regulator  is  used  to  pro¬ 
vide  an  accurately  controlled  voltage  to  the 
tungsten  filament  in  the  Diatron  mass  spec¬ 
trometer  tube.  It  is  this  filament  that  produces 
the  electron  bombardment  of  the  sampled 
gases  passing  through  a  magnetic  field  — 
causing  each  gas  ion  to  assume  a  distinaly 
different  path.  This  selective  aaion  affords 
the  means  for  detection,  and  quantitative 
measurement,  of  the  specific  gas  concerned. 

Tests  with  other  regulating  devices,  such 
as  thyratrons  or  mercury-wetted  contaa  re¬ 
lays,  were  unsatisfactory  —  either  because  of 
poor  performance  or  excessive  costs. 

The  following  distinct  advantages  were 
acclaimed  for  REGOHM  by  Consolidated 
Electrodynamics  .  .  . 


1.  The  enormous  power  gain  provided 
through  flat  compoundtng;  the  current 
needed  to  operate  all  ten  contacts  being 
only  more  than  that  required  for 
the  first  stage. 

3.  Relatively  low  power  dissipation  in  the 
parallel  resistors  in  ratio  to  the  power 
fed  into  the  filament. 

3.  Adjustable  dashpot  to  check  oscillation 
tendency  in  the  circuit. 

4.  A  compensating  relay  by-pass  provision 
for  holding  voltage  in  the  regulator 
tube  when  relays  are  open  —  to  prevent 
destructive  surging  when  filament  is 
switched  on. 

The  REGOHM’S  unique  combination  of 
advantages — flexibility,  plug-in  design,  com- 
paa  size,  outstanding  reliability,  and  low 
cost  —  is  providing  the  aruwer  to  difhcult 
regulation  problems  in  many  types  of  circuit. 
Why  not  consult  our  engineering  staff  to  see 
how  well  it  can  fit  your  application.^  Please 
contaa  Electric  Regulator  Corporation, 
Norwalk,  Connecticut. 


Please  write  for  design  data  and  perform¬ 
ance  specs  on  REGOHM  multi-stage  regu¬ 
lators  in  applications  similar  to  this. 


REGOHM 


ELECTRIC  REGULATOR  CORPORATION 

NORWALK  CONNECTICUT 
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“■HOOTING  FOR  THE  MOON"  at  the  Hughes  Com¬ 
munications  Systems  Laboratories  is  more  than  just  a  figure 
of  speech — it’s  an  actual  goal. 

The  Communications  Laboratories  have  as  one  long- 
range  objective  the  development  of  communications  sys¬ 
tems  capable  of  deHecting  their  signals  from  meteors,  arti¬ 
ficial  satellites  and  even  the  moon.  Yet  another  is  the 
development  of  systems  which  transmit  intelligence 
through  media  impervious  to  radio  frequencies  by  modu¬ 
lating  frequencies  far  up  in  the  electromagnetic  spectrum- 
light,  even  gamma  rays. 

An  example  of  advanced  Hughes  methodology  is  the  use 


of  digital  techniques  to  overcome  the  multipath  phenome¬ 
non — the  tendency  of  radiations  to  be  resolved  by  different 
layers  of  the  ionosphere  or  other  reflectors  into  two  or 
more  signal  paths.  Under  certain  circumstances,  this  situa¬ 
tion  in  the  past  has  produced  a  confused  signal. 

To  extend  its  projects  into  advanced  new  areas,  the 
Hughes  Communications  Laboratories  must  be  staffed  with 
engineers  and  physicists  of  high  professional  suture.  Open¬ 
ings  now  exist  for  such  personnel,  and  the  salary  structure 
will  reflect  the  exceptional  background  required.  Your  in¬ 
quiry  is  invited.  Please  apply  directly  to: 

Dr.  Allen  Puckett,  Associate  Director, 

Systems  I>:velopmcnt  Laboratories. 


■I 

F  i 


!|'  ’ 
'V- 


the  West's  leader  in  advanced  electronks 


Hushes  Airac^t  Co.,  Culver  City  Ji,  Calif. 
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The  uniqueness  of  the  new  NAVTAC  en  route  navigation 
and  instrument  landing  system  by  Stromberg-Carlson  is  in 
its  combination  of  functional  modules. 

The  NAVTAC  equipment  is  an  assembly  designed  to  pro* 
vide  high-performance  aircraft  with  the  TACAN  naviga¬ 
tional  aid,  plus  marker  beacon  receiver,  glide  slope  and 
runway  localizer  for  instrument  landing  situations. 

The  entire  system  is  packaged  in  a  compact  imit  only  5" 
high,  lOV^"  wide,  22"  deep,  and  weighing  only  47.5  lbs.  In¬ 
dividual  modules  can  be  separated  up  to  distances  of  several 
feet  without  any  adverse  effect  on  performance. 

The  e<|uipment  is  designed  to  meet  the  rigorous  environ¬ 


ment  of  the  high-performance  aircraft  of  today  and  tomor¬ 
row.  Its  operating  ambient  temperature  range  is  —60  to 
•f  125  degrees  C.  at  altitudes  up  to  70,000  feet.  Widespread 
use  of  semiconductors  in  the  ILS  receivers  and  TACAN  cir¬ 
cuitry  means  high  reliability,  small  size  and  low  power  con- 
siunption. 

Included  in  the  design  is  the  capability  of  performing 
complete  preflight  confidence  tests  with  the  use  of  a  small 
auxiliary  test  set. 

Complete  technical  details  on  the  NAVTAC  system  are 
available  on  request. 

There  is  nothing  finer  than  a  Stromberg-Carlson'^ 


SC 


STROM  BE  RC- CARLSON 


A  DIVISION  OS  CtNSSAL  DYNAMICS  COSPOSATION 

1464  N.  GOODMAN  STREET  •  ROCHESTER  3,  N.  Y. 

Electronic  and  communication  products  for  home,  industry  and  defense 


GD 
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4340C*1% 


superior  engineerliig  know-how  , . . 
combin*  to  build  in  B-Menco 
Dur-MIco  Copociton  the  highosi 
reliobiHty  ...  to  givo  long,  ever-reody, 
powerful  service  In  electronic  equipment 
—  from  Hghtning-fast  giant  broins  to 
tiny  transistor  receivers. 


iiiijii  feitires  ii 

ElIllenco^--^«^ 


^  SpecioMy-selected,  highest-grode 
Indio  Ruby  mica  Mms  . . .  pre-tested  to 
hove  highest  insulation  resistance  .  .  . 
greatest  dielectric  strength  .  .  .  lowest 
dissipation  factor.  Specially  developed 
dipped  coating  retains  the  superior 
properties  of  India  Ruby  mica. 

^  Debugging  —  the  removal  of  early 
failures  by  sub)ecting  mica  capacitors  to 
short  life  tests  at  elevated  voltages  and 
temperatures  . . .  THE  SCORE  .  . . 

DM30,  10,000  MMF,  "Debugged  " 
B-Menco  Dvr-Mica  Capacitors  . .  . 
subiected  to  257,000  hours  of  life  at 
85°C  with  100%  of  the  rated  DC 
voltage  applied  . . .  turned  in  a  record 
computed  reliability  performance  — 
APFROX.  0.6%  CUMULATIVE  FAILURES 
OR  ONLY  1  failure  PER  43  MILLION 
UNIT-HOURS. 


il  M*n(0  “Dur-Micas" 

have  proved  their  tremeitdous  power 
and  ability  under  accelerated  conditions 
of  I times  rated  voltoge  at  ombraot 
temperotures  of  t25‘^C  and  150°C, 
winning  out  over  oN  others  in  longest 
Rfe,  most  powerful  performance, 
smoHest  size,  greatest  stability. 

DM13,  DM16,  DM19,  DM30, 

DM30,  DM40,  DM43,  DAM3  .  .  . 
perfect  for  extreme  miniaturization; 
ideal  for  new  miniatured  designs  and 
printed  wiring  circuits.  New  “hairpin'* 
poraMel  leads  insure  easy  applications 
in  radio,  television,  guided  missiles. 
B-Menco  Dur- Micas  meet  oil  humidity, 
temperature  and  electronic 
requirements,  including  miStory  specs. 


Avoid  Costly  Breakdowns 
with 

Two-Woy  Built 
In  Rugged  Reliability. 


DM20 


OM42 


ACTUAL 

SIZE 


^  Write  for 
FREE  tampia  and  catalog 
on  your  firm's  httarhaad. 


THE  ELEaRO  MOTIVE  MEG.  CO.,  INC 


Manufacturers  ef  El-Mence  Capacitors 

WILLIMANTIC  CONNECTICUT 

•  inaMed  mica  a  mica  trimmer  e  dipped  paper 
ser  •  ceramic  feed-thrus  e  silvered  mica  Alms  a  saromic  discs 

Area  Electronics,  Inc.,  64  While  $1.,  New  York  13,  N.  Y. 

Exclusive  Supplier  To  Jobbers  and  Distributors  in  the  U.S.  and  Canada 
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3  completely  new 

GENISCO  CENTRIFUGES 

with  10  times  greater  accuracy, 
larger  centrifugal  capacities, 
maximum  flexibility...anrf 
priced  lower  than  any  other 
centrifuges  now  available! 
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OUTWT 


The  low-cost  answer  to  fast, 

accurate  testing  of  componerits  under 
simulated  ope  rational  g- forces 

as  required  hg  MIL-E-5272A. 

These  new  precision  centrifuires  feature  a  unique,  high- 
torque  ball-disc  integrator  drive  system  which  provides 
accuracies  you  would  ex(>ect  only  from  a  rate-of-turn  table. 
Constancy  of  boom  rotation,  including  wow  and  long-term 
drift,  is  better  than  .05%  at  any  speed  setting-approximately 
10  times  more  accurate  than  currently  available  machines. 
Boom  speed  is  infinitely  variable  and  is  measured  by  an  elec¬ 
tronic  counter  built  into  the  console. 

The  building  block  design  concept  gives  the  new  centrifuges 
exceptional  flexibility.  Machines  are  as.sembled  from  six  basic 
olT-the-shelf  components;  drive  system,  drive  motor,  boom, 
test  compartment,  console  and  accessories.  You  simply  select 
components  which  provide  features  needed  to  meet  your  spe¬ 
cific  requirements.  Interchangeability  of  the  components  per¬ 
mits  easy  modification  as  requirements  change.  Kits  are 
available  for  modification  by  the  customer. 

This  new  design  concept  also  results  in  manufacturing  econ¬ 
omies  w  hich  are  reflected  in  the  cost  of  the  machines.  Tht  new 
marhinee  are  the  lowent  priced  eentrifugee  now  available  — in 
spile  of  their  greater  aeruraey,  flexibility  and  raparity.  Ask 
your  Genisco  representative  for  complete  information  today. 


Entirely  new,  more  efficient  drive  system -An 
integral  variable  .s|>eed  transmission  based  on 
the  new  Kourerut  *ball-galaxy  principle 
achieves,  for  the  first  time  in  rotating  machin¬ 
ery,  high  torque  characteristics  while  main¬ 
taining  the  inherent  accuracies  of  a  hardened 
steel-to-steel  ball-disc  integrator.  A  novel 
choice  of  geometry  among  the  drive  elements 
results  in  a  virtually  linear  handwheel  vs  rpm 
relationship,  thus  facilitating  the  presetting, 
programming  and  servo-controlling  of  output 
speeds.  A  built-in  torque-limiter  clutch  pro¬ 
tects  the  transmission  from  damage  resulting 
from  abuse  or  high  inertia  conditions. 


VfSTOU. 


There  are  more  than  400  Genitco  centrifuges  now  in  operation. 


Basket-type  mounting  platforms,  available  on 
Model  A-102()  and  A-io30,  may  be  oriented 
from  the  horizontal  to  the  vertical  or  to  the 
inverted  attitude  for  multiple-axis  testing 
without  demounting  the  test  object.  Baskets 
may  be  raised  or  lowered  to  achieve  an  opti¬ 
mum  dynamic  balance  and  minimum  angular 
deflections  when  extreme  accuracies  are 
required.  When  the  basket  is  inverted  the  out¬ 
side  surface  of  the  platform  may  be  used  to 
mount  bulky,  lightweight  packages. 


2233  Federal  Avenue.  Los  Angeles  64.  California 


brief  performance  specifications 


Available  accessories  include  additional  slip 
rings,  servo  control,  microwave  joints,  high 
pressui-e  air  and  hydraulic  systems,  TV  view¬ 
ing  systems.  Any  accessory  can  be  added  at 
any  time  by  the  user.  The  mounting  base  is 
standard  equipment. 


Large  caetom  rcnirlfugrt:  Geniaca cenlrilugr  experience  incturfea 
Uie  deeign.  monufarluie  oimI  inelalUlian  ol  large  cuatom- built 
machitMa.  We  invite  your  inquiry. 
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No. 

Tmi 
Ob  Mi 

Caiiorttv 

G-pounc» 

RPM 

Mm 

r.  Range 
Mm 

Teel 

ObjMi 

l>Niienv 

»kmn 

A-IOIO 

SO-Ublc 

SOlba 

dead 

weight 

X.900 

000 

.1  to 

300  g*s 

A-ioao 

tO^arm 

100  lb 
de^ 
weight 

10.000 

000 

1  to 

saoga 

ireube 

A-1030 

M^arm 

too  lb 

d«^ 

weight 

10.000 

400 

.1  to 

inga 

ireube 

-1 


Van-Sweep 

MODEL  400 


Wider  Range,  All-Electronic 
SWEEPING  OSCILLATOR,  or 

(with  sweep  off)  Continuously 
Tuned  CW  Signal  Source 


HIGH  Output  ““1.0  V  rm»  into  70  ohms 
WIDE  Range  - 15-470  me  all  at 

Fundamental  Frequency 

CONSTANT  Output  ““fast-acting  AGC  circuit 

The  new  Vari-Sweep  Model  400  is  a  highly  versatile  labo¬ 
ratory  sweeping  oscillator  and  signal  generator.  Its  wide 
range  of  continuous  frequency  coverage  from  15  to  470  me 
is  combined  with  a  measure  of  accuracy  and  level  of  per- 
formonce  previously  associated  with  limited,  fixed-frequency- 
band  oscillators  only. 

It  provides  frequency  sweeps  that  ore  flat,  wide,  and 
linear.  The  RF  output  voltage  is  high  enough  for  testing  lossy 
networks  without  using  additional  amplifiers.  Over  the  entire 
range,  the  RF  output  is  a  fundomental  frequency  held  constant 
by  o  fast-acting  AGC  circuit  to  assure  a  high  degree  of  fre¬ 
quency  stability  and  the  absence  of  spurious  beat  signals.  The 
variable  sweep  rate  goes  down  to  10  cps  for  checking  high-Q 
circuits. 

In  addition,  the  Vari-Sweep  Model  400  is  a  source  of  ac¬ 
curately  colibrated  CW  signal  with  the  same  high-level  output 
AGC'd  to  be  constant  over  the  frequency  band.  This  eliminates 
the  need  for  readjusting  output  voltage  when  changing  fre¬ 
quency,  and  permits  the  rapid  testing  of  diverse  frequency 
circuit  elements  under  CW  conditions. 


•  New  Wider  Range— 15-470  me  in  10  Bands 

•  Fundamental  Frequency— Stable  Narrow  Band 
Sweeps 

•  Direct  Reading  Frequency  Dial 

•  Highly  Accurate  Attenuators 

•  Sweep  Repetition  Rates  Down  to  10  cps 

SPECIFICATIONS 

Frequency  Range  (CW  er  Sweeping  Operation);  Fundamental 
frequency,  15-470Hnc,  continuously  vorioble  in  10  switched, 
overlapping  bands  with  direct-reading  frequency  dial. 

Sweep  Width:  60%  of  center  frequency  to  50  mc;  at  least 
30  mc  max  from  50-400  mc;  approx.  20  mc  max  above 
400  mc. 

Sweep  Rate:  Continuously  vorioble,  10  to  40  cps;  locks  to  line 
frequency. 

RF  Output:  1.0  V  rms  (metered)  into  nom  70  ohms  (50  ohms 
on  request)  to  220  mc;  0.5  V  rms  to  470  mc.  Output  held 
constant  to  within  ±0.5  db  over  widest  sweep  and  fre¬ 
quency  range  by  AGC  circuit. 

Attenuators:  Switched  20,  20,  10,  6  and  3  db,  plus  continu¬ 
ously  vorioble  6  db. 

Sweep  Output:  Regular  sowtooth,  synchronized  with  sweeping 
oscillator.  Amplitude  7.0  V  approx. 

Power  Supply:  Input  approx.  100  watts,  117-V  (±10%),  50-60 
cps  oc.  B-f  electronically  regulated. 

Dimensions:  9V»"  x  19’/j"  x  13". 

Weight:  34  tbs. 

Price:  $795.00,  f.o.b.  foctory. 


Kaeia-SweepSOO - 

Single  Unit  Sweeping  Oscillator  In  10  Switched  Bands 
For  Sweeping  Radar  IF's  Between  1  and  350  mc  Center 

cof.  No  386  SPECIFICATIONS 


FrteoMcy  Raaft:  Any  10  fixed  center  fre¬ 
quencies  set  to  customer  specification  be¬ 
tween  )  and  350  riK.  Ten  switched  bands; 
fundamental  frequency;  all-electronic  sweep. 
Sweep  Width;  70%  of  center  frequencies 
selected  between  1  and  100  me;  60  to  70 
mc  for  frequencies  between  100  and  350  mc. 
Sweep  Rate:  Variable  around  60  cps.  locks 
to  line  frequency. 

RF  Oetpet:  0.5  V.  rms  into  nom  70  or  50 
ohnu,  higher  for  lower  frequency  units. 
Output  held  constant  to  within  ±0.5  db 
over  widest  sweep  by  AGC  circuit. 


Zero  Reference:  A  true  zero-base  line  is 
produced  on  oscilloscope  during  retrace  time. 
Atteneaters;  Switched  20,  30,  10,  6  and 
3  db  plus  continuously  variable  6  db. 
Markers:  Up  to  30  crystal-controlled  positive 
pulse  markers  at  customer-specifi^  fre¬ 
quencies.  Accurate  to  ±0.05%.  Up  to  three 
markers  per  band  (more  at  lower  frequencies) 
are  available;  no  individual  switches  on 
markers. 


Write  for  1958  Kay  Catalog 


Marker  Amplitude:  Continuously  variable, 
zero  to  10  V  approx. 

Sweep  Output;  Regular  sawtooth  synchro¬ 
nized  with  sweeping  oscillator, 
rawer  Supply:  Input  approx.  150  watts. 
117  V  (±10%)  50-60  cps  ac.  B±  electronic¬ 
ally  regulated. 

Dimansians;  8%"  x  19"  rack  panel,  13" 
deep.  Supplied  with  cabinet;  suitable  for 
rack  mount. 

Weight:  34  lbs.  approx. 

rrice.  $695.00,  f.o.b.  factory.  Add  $15.00 

per  crystal  marker  ordered. 


Dept.  E-9 


Maple  Avenue,  Pine  Brook,  N.  J. 


CApital  6-4000 
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For  quick  bonding,  turn  to  turn,  with  a  single  application 
of  heat  or  solvent . . . 


r 

I 

I 

I 

i_ 


Th«M  »ucc««»ful  us«t  of  Bondezo  suggest 
unlimited  new  redesign  possibilities, 
often  at  overall  savings. 


Random- wound,  layer,  paper-section  and  solenoid 
COUiS  coils  for  brakes  and  clutches,  instruments,  television, 
radio  and  other  applications. 

Paper-section,  random-wound,  oil-fillcJ,  air-cooled  and 
TRAN8PORMSB8  high  voltage  for  distribution,  current.  X-ray,  television, 
radio  and  other  appliccticiis. 

Windings  for  shaded  pole,  series  fields,  instruments, 
induction  and  othera. 

Any  time  your  problem  is  magnet  wire,  consult  Phelps  Dodge  for  the  quickest,  easiest  ansu>er! 

mips  mstmiBi  psonms 

CORPORATION 


INCA  MANUFACTURING  DIVISION 

FORT  WAYNE,  INDIANA 
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To  new  members  of  the 


Speciai  yntf^ductPi’^  Offet- 


ELECTRONICS  and  CONTROL  ENGINEERS'  Book  Club 


rCOOD  FOR  NEXT  30  DAYS) 


VALUES  FROM 
$6.00  to  $18.00 


riMItkar’t 
Pric*.  $7.50 
Clik  PriM. 
$C.40 


PrtM.  $10.00 
Clit  PrlM, 
$S.50 


Pric*.  $6  50 
Clik  Prlci. 


PrlM  $10.00 
Clik  Prl«t. 

$15.50 


Prici.  $10  00 
Clik  PrlM, 
$•50 


StrvMiMkaiilsH  PractiM  bj’  W  H.  IlMkaakal  D«l|a  far  Elwtraalci  Tiltrlilaa  Eatlaaarlaf  Haakkaak  Iqr  Syttaai  Eaflaawlat  br  H.  H.  doodr  latiriaitati  far  DMiaraaiaat  aak 

Abmidt.  How  to  wlw  |iri^lrBi!>  of  PrakMtIao  br  J.  M.  rarroll  Vital  I).  <i.  Pink.  Full  rrfrrrnrr  of  and  B  E.  Marbol  Hrliai  ran  wlrr  Caatral  br  W  0  Holibork  GIm 

atrro  drslini.  mamifarture.  tot,  and  nwbanlral  fartorH  In  bulldina  riar-  awalrm  data  nradad  to  ilr<i«n  and  roiapiri  dnifii  problra«  of  largr  ran  laint  adranm  In  prorau  lo- 

adjii.-itinant.  tronir  aqulptarnt.  oprratr  TV  rquIpoKnt.  acalc  qrataaia.  itruBMntatlaa 


•a**- 


Pakllikar'i 
PrlM.  $•  00 
Clak  PrlM. 

$«ao 

Priaciplat  af  Raaiarkal  Aaairtb  br  Haadkaak  of  ladattrlal  ElacUaak  PalM  aad  Dliltal  CIraalti  by  J.  Matkamatki  far  Elactraaki  witk  Ap-  Madara  Pknkt  far  tka  Eatlaaar  ba 

A.  8.  HouMboldrr.  .VIatb«Batlr«  for  Caatral  Ckaalti  by  J.  Markus  and  V.  Mlllman  and  II.  Taub.  Kiplalna  (Ikatlaai  by  II.  M  Nodrliaan  and  L.  .N  Bldriiour  Eaaailim  phyilrll 

aettinf  up  and  rraluatinf  romputlni  Zrlulf  Orrr  300  tastrd  rontrol  dr-  rirnilts  for  elTertIn  rlertronlr  m-  P  W.  Hailth.  Jr  For  solution  of  arlrore  on  ahlrh  modam  miliMrrliif 

routines.  nilts.  tern  drslin.  prartlral  probleais.  la  based 


How  many  of  the  books  shown  here  do  you  wish  you  had  immediately  at  hand? 


Select  one  AS  A  GIFT !  Choose  from 
Servomechanism  Practice,  System  Engi¬ 
neering.  Pulse  and  Digital  Circuits,  and 
seven  other  valuable  biM>ks  .  .  .  your  Intro¬ 
duction  to  member.ship  In  the  Electronics 
and  Control  Engineers’  Book  Club. 

If  you’re  misslnit  out  on  Important  tech¬ 
nical  literature — if  today's  hlfth  cost  of 
reading  curbs  the  growth  of  your  library 
— here's  the  solution  to  your  problem.  The 
Electronics  and  Control  Engineers’  Book 
Club  teas  organized  for  you,  to  provide 
an  economical  technical  reading  program 
that  cannot  fail  to  be  of  value  to  you. 

All  Isooks  are  chosen  by  qualified  editors 
and  consultants.  Their  thoroughgoing  un¬ 
derstanding  of  the  standards  and  values 
of  the  literature  In  your  field  guarantees 
the  authorltativpness  of  the  selections. 

How  the  Club  operates.  ICvery  second 
month  you  receive  free  of  charge  The 
Electronics  and  Control  Engineers’  Book 
Bulletin  (issued  six  times  a  year).  This 
gives  complete  advance  notice  of  the  next 
main  selection,  as  well  as  a  number  of 
alternate  selections.  If  you  want  the  main 
.selection  you  do  nothing ;  the  book  will  be 
mailed  to  you.  If  you  want  an  alternate 
selection  ...  or  If  you  want  no  book  at 
all  for  that  two-month  period  .  .  .  notify 
the  Club  by  returning  the  dorm  and  post¬ 
age-paid  envelope  enclosed  with  your  Bul¬ 
letin. 

We  a.sk  you  to  agree  only  to  the  pur- 
cha.se  of  three  books  In  a  year.  Certain!) 


out  of  the  large  number  of  books  In  your 
field  offered  In  any  twelve  months  there 
will  be  at  least  three  you  would  buy  any¬ 
way.  By  Joining  the  Club  you  save  your¬ 
self  the  bother  of  searching  and  shopping, 
and  save  in  cost  about  16  per  cent  from 
publishers'  prices. 


kenil  no  money  now.  Just  check  any 
two  b<M>ks  you  want — i>ne  FKKK  and  one 
as  your  first  Club  selection — -in  the  coupon 
below.  Take  advantage  of  this  offer  nnir. 
and  get  two  lKM>ks  for  less  than  the 
regular  price  of  one. 


Th«  McOraw-Hill  Hoctronia  and  Control  Empinoort'  iook  Clob, 
330  WmI  43nd  Stroot,  Ndw  York  3«,  N.  Y.  P.  O.  Bex  f7E->  Jk 

PIrxie  riimll  ne  u  ■  inentier  of  thr  Elertronici  and  Control  Enclnocra' 
Book  Cluh.  I  an  to  nrtln  FBEE  the  book  I  hare  Indiratrd  aloii(  oith 
■y  Bra  relertlon  cheeked  below.  You  will  hill  ne  for  my  Ant  Mkction 
only  at  the  H|>rrlal  rlub  price.  plu»  a  few  additional  centr  for  pmtadc 
and  handllim.  iThr  f'luh  awaimni  thia  chartr  on  prepaid  orders.  I 
Farthcnminf  ■‘clectlona  will  he  deacrihed  to  me  in  adrance  and  I  may 
decline  any  hook.  I  need  take  only  3  aelectlona  or  alternatra  In  li 
month.a  of  memheishlp. 

PLEA$E  PBIBT 


NO  BISK  GIIABANTCE  not  completely 
IW  HI^II  vuMRMnicB.  J^^y  your  firnt 

8hl])m«^nt  within  10  dayn  and  your  membership  will 
be  canceled. 


Cliwk  2  tMkt:  #1  fw  FREE  RmI  tei 
tt2  f«r  CUR  MlMtUa 

Hrrvomn’hHuUm  Pnirtlcr 
^MrchanlcHl  for 

Klertronicd 
— Trle^Ulon 
Handlomk 

— Knalne^rina 
r— InutriimentM  for  .MrMMiirrmrnt 
and  ('ontml 

— >l*r1nrlplrN  of  eNiimrrIciil 
AnalynlM 

«llandh<M»li  of  liiduMrlul 
Klc^ctrtmlr  f'nntrol  <irc*iiltn 
and  IMaltal  (imiltN 
«— M«themwtl4*«  for  KliH'tronIcN 
with  AppllmtIoiiH 
— -M«>drm  PhyMlrn  for  thr 
Bnalnrrr 
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Optical  comparator  measures  Eimac  ceramic  envelope  component. 


Exact  Dimensional  Uniformity.. 

Is  an  Eimac  Ceramic  Tube  Extra 


Sixth  in  •  series  describing  the  advantages  of  ceramics 
in  electron  tubes.  Previously  discussed:  impact,  heat, 
vibration,  compactness,  dielectric  loss. 


Electrode  spacing  i$  critical  in  modern  high-performance  vacuum 
tubes.  Dimensional  uniformity  of  the  material  used  for  the  vacuum 
envelope  has  a  direct  effect  on  the  accuracy  of  this  spacing.  The  high 
alumina  ceramic  rings  used  in  Eimac  stacked-ceramic  tubes  can 
easily  be  held  to  tolerances  of  ±  50  millionths  of  an  inch  at  pro¬ 
duction  speeds.  This  degree  of  accuracy  is  not  possible  with  glass 
techniques  in  high  speed  production. 

Accurate  control  of  ceramic  envelope  materials  results  in  greater 
tube-to-tube  uniformity  of  both  mechanical  and  electrical  character¬ 
istics.  It  permits  close  control  of  small  electrode  spocings  necessary 
in  the  production  of  reliable  tubes  for  UHF  operation. 


EITEL-McCULLOUGH,  INC. 

SAN  CARLOS,  CALIFORNIA 
^imac  with  ceramic  tubes  that  can  take  it 


Products  Designod  and  Manufactured  by  Eimac 
Negative  Grid  Tubes  Vacuum  Tube  Accessories 

Reflex  and  Amplifier  Klystrons  Vacuum  Switches 

Traveling  Wave  Tubes  Vacuum  Pumps 

Includes  the  most  extensive  line  of  ceramic  electron  tubes. 


Other  important  odvontages  of  Eimac  ceramic  tubes  are:  resistance 
to  damage  by  shock  or  high  temperature;  compactness  without  sacri¬ 
fice  of  power;  ability  to  withstand  rigorous  processing  techniques 
that  lead  to  exceptional  tube  reliability,  uniformity  and  longevity. 

Writa  our  Application  Enginaaring  Daportmant  for  o  copy  of 
tha  beoklat  "Advontogai  of  Coromict  in  Elactron  Tubaa." 


i 


ELECTRONICS 

IN 

BRITAIN 


12W  high  slope 
miniature  pentode 


This  medium  power,  high  fidelity  tube  it  particularly  suitable  for 
stereo  equipment.  Its  high  slope  of  11,300  (imhos  allows  two  EL84s 
in  push-pull  to  give  over  10W  output  power  at  less  than  1%  distortion 
— all  achieved  for  only  16V  of  grid  to  grid  drive. 

The  EL84  may  also  be  used  for  the  more  economical  higher  powered 
equipments.  Two  tubes  will  provide  an  output  of  up  to  17W  at  an 
overall  distortion  of  4%. 

A  single  EL84  will  provide  an  output  of  nearly  6W.  It  has  a  maximum 
plate  dissipation  of  12W. 

Typical  performance  details  for  this  tube  are  given  here — for  further 
information  and  supplies  write  to  one  of  the  distributors  listed  below. 


MEDIUM  POWER 


Distributed  load  conditions  (screen  grid 
taps  at  43%  of  primary) 


V. 

300 

V.2 

300 

U(o) 

2x40 

lk(max.sig.) 

2x46 

Rk  (per  valve) 

270 

^in  (il-Sl)r.m  J. 

16 

R— 

8.0 

P OWE 

11 

Dtot 

0.7 

HIGHER  POWER 


Two  valves  In  class  AB  push  pull 


V, 

300 

V.2 

300 

Rk 

130 

R« 

8.0 

••<o) 

2x36 

1.  (mag.  tig.) 

2x46 

IgKo) 

2x4.0 

•fj(max.sig.) 

2x11 

20 

Pout  1 

17 

Dgot 
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Supplies  available  from : 

In  the  U.S.A. 

International  Electronics  Corporation 
Dept.  E9,  81  Spring  Street,  N.Y.I2, 
New  York,  U.S.A. 

In  Canada 

Rogers  Electronic  Tubes  & 
Components 

Dept,  n,  116  Vanderhoof  Avenue, 
Toronto  17,  Onurio,  Canada. 


Mullaid 

ELECTRONIC  TUBES  used  throughout  the  world 

"Mullard"  is  t/ie  Trade  Mark  of  Mallard  Limited  and  it  registered  |MiiH»vd| 
in  most  of  the  principal  countries  of  the  world. 

MULUUIO  OVERSEAS  LTD,  MULURD  MOUSE,  TORRIMOTOM  PLACE,  LOHDOR,  ENOLAMO 
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sealed  thermostats 

feature  close  control 
lasting  stability 


Edison  Scaled  Thermostats  arc  widely  used  in  crystal  ovens,  electronic  ovens  and 
oscillator  compartments  — and  many  other  electronic  components  adversely  affected 
by  temperature  variations.  Capable  of  maintaining  temperatures  within  0.2*  C.  Edison 
sealed  thermostats  offer  these  special  features: 

•  Slow-make,  slow-break  principle,  insures  small  temperature  differential. 

•  Protective  gas  atmosphere  minimizes  effects  of  contact  arcing  under  heavy 
loads,  resulting  in  high  stability. 

•  Radiant  energy,  and  conducted  or  convected  hc-at  is  rapidly  transmitted  to 
the  bimetal  by  the  highly  conductive  gas  fill. 

•  Long  bimetal  arm  is  highly  sensitive  to  temperature  changes  and  assures 
accurate  control,  predictable  performance. 


For  complete  dau  on  Edison  Sealed  Thermostats,  write  for  Bulletin  No.  3009B. 


Thomas  A.  Edison  Industries 

INSTRUMENT  DIVISION 
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. . .  Call  Your  Mallory  Distributor 


Your  local  Mallory  distributor  is  prepared  to 
deliver  short  orders  quickly.  He  can  save  you 
valuable  production  or  research  time  on  repair 
work,  experimental  circuits,  short  production  runs, 
or  any  of  a  dozen  other  applications  that  call  for 
the  finest  in  electronic  components  .  .  .  and  call 
for  them  fast. 

His  stocks  include  the  complete  range  of  Mallory 
capacitors,  resistors,  controls,  rheostats,  vibrators, 
mercury  and  zinc-carbon  batteries  ...  as 

Depend  on  MALLORY  for 

P.  R.  MALLORY  &  CO.  INC. 

Distributor  Division,  Dept.  A 
P.  O.  Box  1558,  Indianapolis  6,  Indiana 
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well  as  other  related  components  by  well  known 
companies.  And  you  can  be  a.ssured  of  quality  as 
well  as  fast  service  on  your  ’’rush”  orders  . . . 
becau.se  these  an*  the  same  .superior-performance 
Mallory  products  chosen  by  leading  manufactur¬ 
ers  for  u.se  in  original  equipment. 

For  details  about  this  program  and  the  name  of^ 
your  neare.st  distributor  .  . .  call  our  local  district 
office,  or  write  to  us  in  Indianapolis. 


Service ! 
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A  Iravelinq  ware  Tcrtion  oi  a  diode 
maTar.  It  consUli  oi  lour  ■emiconducto: 
diode*  arranged  to  produce  a  growing 
wave  a*  signal  travel*  down  successive 
stages 

The  Mavar:  A  Low-Noise 
Microwave  Amplifier 

In  the  (juest  for  methotln  of  low-noise  ainplifieation  at  microwave  frequen¬ 
cies,  the  principles  of  paraiiictrit*  or  reactance  amplifiers  are  heinj:  exploited 
in  increasing:  measure.  Investigation  of  these  principles  has  resulted  in  the 
development  t>f  three  major  types  of  mavar  which  rival  the  supercooled 
maser  in  low-noise  performance.  Tnlike  the  maser,  the  mavar  recpiires  no 
t'oolin;:.  is  capable  of  wide  handwidths  at  siihstantial  "ain 

By  S\>H  KL  WEBKR  Asooclatv  Kdltor.  KUKCTKONK’S 


Microwave  amplifiers  uainpr 
variable  nonlinear  reactances 
as  the  active  elements  constitute 
a  significant  trend  in  electronics  re¬ 
search.  Recent  intensive  activity 
in  the  development  of  these  devices 
has  revealed  an  unlimited  potential 
in  applications  requiring  extremely 
low  noise  at  room  temperatures. 
Such  fields  as  radar,  radio  a.stron- 
omv,  microwave  relay  and  uhf  tele¬ 
vision  will  l)e  major  beneficiaries  of 
the  new  amplifiers. 

Reactance  or  parametric  ampli¬ 
fiers,  as  they  are  popularly  called, 
derive  their  name  from  the  fact  that 


the  differential  equation  governing 
their  behavior  has  one  or  more  re¬ 
active  parameters  varyinjf  with 
time.  .More  descriptive  perhaps,  is 
a  recently  coined  acronym  MAVAR 
(Mixer  Amplification  by  Variable 
Reactance)  which  is  iraininfr  ac¬ 
cepted  usaire. 

The  mavar  bears  a  superficial  re¬ 
semblance  to  the  solid-state  maser 
(IClectronics,  Apr.  25,  1958)  in 
that  it  requires  an  r-f  enerjry  source 
or  pump,  but  unlike  the  supercmiled 
maser,  the  mavar  achieves  low- 
noise  amplification  at  room  tem- 
Iierature. 


Operation  of  the  mavar  depends 
upon  the  fact  that  a  los.sless  non¬ 
linear  reactance  exhibits  a  negative 
resistance  characteristic  under  cer¬ 
tain  conditions,  or  can  perform  as 
an  up-converter  with  gain  under 
other  conditions.  Because  the  re¬ 
actance  is  lossless,  no  thermal  noise 
is  generated.  Consider  the  circuit 
shown  in  Fig.  1.4.  This  is  a  modu¬ 
lator  circuit  in  which  a  low-fre¬ 
quency  source  V.  and  a  higher  fre¬ 
quency  source  V,  drive  a  nonlinear 
reactance  repre.sented  in  this  case 
by  the  inductance  L.  Its  nonlinear¬ 
ity  might  be  in  the  form  of  a  fiux 
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Bell  Lobe  ecientiets  Suhl  and  Weiat  examine  development  model  oi  a  ierromoqnetic 
mavar.  Device  was  built  by  Weiie  (riqht)  alter  theoretical  inveeti^ntion  by  Suhl  showed 
feasibility.  At  far  right,  closeup  of  ferromagnetic  mavar  assembled  to  waveguide 


density  which  is  a  quadratic  func¬ 
tion  of  the  current  through  the  coil. 
The  reactance  might  also  be  rep¬ 
resented  by  a  capacitor  whose 
charge  is  a  nonlinear  function  of 
the  voltage  across  it.  The  analysis 
is  essentially  the  same. 

Because  of  the  nonlinearity, 
many  upper  and  lower  sideband  fre¬ 
quencies  are  generated.  In  this  cir¬ 
cuit  it  is  assumed  that  power  at  only 
four  frequencies  is  permitted  to 
flow  through  reactor  L.  These  fre¬ 
quencies  are  /,  the  pump  frequency, 
/.  the  signal  frequency,  and  the  first 
upper  and  lower  sidebands  which 
are  /»  =  /,-!-  f,  and  /,  =  /,-  /., 
respectively.  To  all  other  fre¬ 
quencies  the  reactor  represents 
a  short  circuit. 

Power  Relationships 

Linder  the.se  conditions,  analysis 
of  the  power  relationships  in  the  re¬ 
actor'  for  the  frequencies  involved 
shows  that  the  following  expres¬ 
sions  are  valid: 


where  positive  P  represents  power 
leaving  the  reactor  at  the  frequency 
denoted  by  the  subscript,  and  nega¬ 
tive  P  represents  power  absorbed. 
From  these  equations,  it  is  apparent 
that  the  reactance  always  absorbs 
pump  power,  but  under  proper  con¬ 
ditions,  signal  power  can  be  emitted 
from  the  reactance. 


To  illustrate,  if  only  the  upper 
sideband  is  permitted  to  exist  in 
the  circuit,  then  Eq.  2  becomes  P,  = 
— /,P,//..  Hence  power  flows  from 
the  reactor  at  the  upper  sideband 
frequency  and  is  amplified  by  a  fac- 


FIG.  1 — Equivaleni  circuit  oi  roaclanco 
amplifier  (A).  Idler  circuit  added  in  (B) 
absorbs  difference  frequency 


tor  /*//„  as  long  as  signal  power  is 
supplied.  This  is  the  up-converter 
type  of  operation  which  may  be  em¬ 
ployed  in  both  amplifier  and  modu¬ 
lator  applications. 

On  the  other  hand,  if  the  upper 
sideband  is  completely  suppressed, 
Eq.  2  becomes  P,  =  f,  Pi/f,.  Since 
both  P.  and  P,  are  positive,  power 
is  emitted  from  the  reactance  at 
both  the  signal  frequency  and  the 
lower  sideband.  Amplification  of 
the  signal  is  obtained  directly  with¬ 


out  demodulation,  with  a  gain 
limited  only  by  the  circuit  con¬ 
figuration  and  with  a  constant  gain- 
bandwidth  product. 

Idler  Circuit 

Because  of  the  neces.sary  condi¬ 
tion  that  the  difference  frequency 
f,  be  sustained  for  power  to  flow  at 
the  signal  frequency,  an  idler  cir¬ 
cuit  capable  of  absorbing  power  at 
/,  is  required  in  this  type  of  opera¬ 
tion.  This  is  illustrated  in  Fig.  IB. 

Gain  in  this  type  of  mavar  is 
equivalent  to  a  negative  resistance 
being  introduced  into  the  signal 
circuit.  It  can  be  shown  that  the 
equivalent  negative  resistance  is  a 
function  of  the  applied  pump  power 
and  hence  is  controllable. 

Application  of  these  general 
principles  has  resulted  in  the  suc¬ 
cessful  development  of  three  major 
types  of  mavars.  These  differ 
mainly  in  the  form  taken  by  the 
nonlinear  element.  Mavars  yielding 
promising  performance,  at  least  in 
the  laboratory,  have  been  built  us¬ 
ing  ferrites,  reverse  bia.sed  semi¬ 
conductor  diodes,  and  modulated 
electron  beams. 

I— Ferromagnetic  Mavar 

To  understand  how  a  ferrite  is 
used  as  the  nonlinear  reactance  ele¬ 
ment  in  a  reactance  amplifier,  it  is 
necessary  to  di.scuss  the  concept  of 
magnetostatic  modes. 

In  a  ferrite  crystal,  unpaired  elec¬ 
trons  are  spinning  about  their  own 
axes  with  angular  velocity  <«,.  The 
spinning  motion  of  the  electron 
gives  rise  to  an  angular  momentum 
and  a  magnetic  moment  along  the 
axis  of  rotation.  If  the  ferrite  is 
subjected  to  a  d-c  magnetic  field,  the 
axis  of  the  electron  spin  tries  to 
line  up  with  the  applied  field,  since 
this  is  the  position  of  minimum  po¬ 
tential  energy.  Because  the  elec¬ 
tron  has  finite  mass,  it  cannot 
move  to  this  position  instantane¬ 
ously,  but  begins  to  prece.ss  with  an 


Table  I — Pump  Power  Required 
For  Ferromagnetic  Mavar 
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angular  velocity  w,  as  shown  in  Fig. 
2A.  The  angular  velocity  with 
which  the  precession  takes  place  is 
given  by  the  expression  =  yHt, 
where  y  is  a  quantity  known  as  the 
gyromagnetic  ratio  of  the  electron, 
and  H^,  is  the  effective  value  of  the 
applied  magnetic  field. 

Energy  Absorbed 

Because  of  damping  factors  in 
the  material,  the  electron  spin  axis 
gradually  aligns  itself  with  the  d-c 
field.  If  now  a  small  uniform  r-f 
field  is  applied  to  the  system  so  that 
the  resultant  field  o.scillates  between 
points  P,  and  P,  as  shown  in  F'ig. 
2B,  the  electron  is  perturbed  and 
precession  takes  place  again.  If  the 
rate  of  oscillation  of  the  field  just 
<x]uals  the  frequency  corresponding 
to  the  precession  rate,  energy  is  ab¬ 
sorbed  by  the  ferrite. 

This  absorption  manifests  itself 
as  a  single  symmetrical  peak  which 
takes  place  at  a  particular  fre¬ 
quency  for  a  given  value  of  d-c  field. 
A  typical  plot  of  absorption  as  a 
function  of  field  is  shown  in  Fig. 
3A.  For  a  long  time  this  single  re¬ 
sonance  peak  was  the  only  one  ob¬ 
served  by  experimenters.  More  re¬ 
cently,  it  has  been  found  that  if 
the  ferrite  is  placed  in  an  r-f  field 
which  is  nonhomogeneous  through¬ 
out  the  ferrite  region,  a  multiple 
series  of  less  intense  resonant  ab¬ 
sorption  peaks  f)ccur.  Two  such 
series  are  typified  in  Fig.  3B.  The 
new  absorption  peaks  are  caused 
by  the  fact  that  the  axes  of  the  elec¬ 
tron  spins  are  no  longer  precessing 
in  synchronism  throughout  the  fer¬ 
rite  region,  but  are  out  of  pha.se  in 
various  parts  of  the  sample  because 
of  the  uneven  distribution  of  mag¬ 
netic  flux. 

Magnetostatic  Modes 

With  each  re.sonant  peak  is  as¬ 
sociated  a  particular  spatial  con¬ 
figuration  of  the  r-f  field  within  the 
ferrite  known  as  a  magnetostatic 
mode.  Magnetostatic  modes  are 
distributed  in  an  almost  continuous 
frequency  spectrum.  Their  fre¬ 
quencies  depend  only  on  the  shape 
of  the  sample  and  the  applied  d-c 
magnetic  field,  but  are  always 
greater  than,  or  equal  to  — 

4  ir.W)  where  y  is  the  gyromagnetic 
ratio,  is  the  applied  field,  and  A/ 
is  the  .saturation  magnetization  of 


the  ferrite.  One  of  the  magneto-  quency,  resulting  in  dissipation  of 

static  modes  is  the  uniform  preces-  pumping  power  in  those  modes 

sion  with  frequency  which  are  uncoupled  to  the  load. 

Theoretical  inve.stigations  sug¬ 
gested  that  magnetostatic  modes  Semistatie  Operation 

could  be  utilized  in  the  construction  A  second  mode  of  operation, 
of  a  parametric  amplifier*  *  and  known  as  “semistatic”,  is  more 
three  po.ssible  types  of  operation  practical.  In  this  mode,  the  ferrite 

were  found  to  be  feasible  with  such  sample  is  placed  in  a  cavity  made 

a  device.  resonant  to  /.  or  f,.  The  other  re- 

Energy  can  be  coupled  between  quired  frequency  is  derived  by 


FIG.  2 — PrvcMsional  paUi  ol  •l•ctron  spin  axis  undsr  inilusne*  of  (A)  d^c  maqnotic 
Hold  and  (B)  uniionn  r-i  fiold 


APPLIED  FIELD  IN  OERSTEDS  APPLIED  FIELD  IN  OERSTEDS 

FIG.  3 — Typical  plot  of  powsr  absorption  as  a  iunction  of  maqnotic  iiold  in  a  iorrito 
crysial.  SinqU  rosonanc*  poak  as  in  (A)  occurs  whon  iorrito  is  uniioraly  maqnotisod. 

In  (B)  sorios  of  smallor  poaks  is  maniiostotion  of  maqnotostaiic  modos 

the  uniform  precession  mode  and  establishing  a  magnetostatic  mode 

the  other  magnetostatic  modes.  If  in  the  ferrite  at  /,  or  /,.  The  ap- 

the  pump  frequency  is  .selected  to  plied  magnetic  field  Ht,  is  adjusted 
equal  the  uniform  precession  fre-  so  that  no  two  magnetostatic  mttdes 

quency  and  two  additional  mag-  add  up  to  the  pump  frequency 

netostatic  modes  who.se  frequencies  In  the  third  mode  of  operation, 
are  /.  and  /,  —  /.  =  /i  are  excited,  known  as  “electromagnetic”,  a 
the  neces.sary  conditions  for  para-  doubly  resonant  microw’ave  .struc- 
metric  amplification  are  fulfilled,  ture  is  tuned  to  both  /.  and  f,.  The 
This  type  of  operation  is  called  only  magnetostatic  mode  present  is 
“magnetostatic”  because  it  depends  that  of  the  uniform  precession  fre- 
only  upon  resonances  characteristic  quency  /„. 

of  the  ferrite  and  the  field,  inde-  Ba.sed  upon  the  theoretical  pro- 
pendent  of  the  external  structure,  po.sals  an  amplifier  utilizing  the 
Practical  use  of  magnetostatic  op-  electromagnetic  mode  of  operation 
eration  is  made  difficult  by  the  large  was  constructed  at  Bell  Labs.  This 
number  of  pairs  of  modes  adding  approach  was  used  because  electro- 
up  to  the  uniform  precession  fre-  magnetic  modes  are  easily  excited 
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and  measured,  and  the  microwave 
structures  necessary  to  sustain 
them  are  readily  constructed.* 

Experimental  Amplifier 

Figure  4  is  a  sketch  showing  the 
construction  of  the  experimental 
ferromagnetic  amplifier.  In  this 
system,  the  pumping  oscillator  fre¬ 
quency  is  9,000  me. 

Both  f,  and  fi  are  made  equal  to 
4,500  me.  The  microwave  structure 
consists  of  a  shielded  stripline,  a 
half-wavelength  long  with  a  Q  of 
500. 

A  coaxial  probe  couples  the  signal 
to  the  cavity.  The  ferrite  sample 
consists  of  two  disks  of  single¬ 
crystal  manganese  ferrite,  0,125  in. 
in  diam.  and  0.050-in.  thick.  These 
are  placed  at  the  center  of  the  strip¬ 
line,  one  on  top  and  bottom.  The 
pumping  power  enters  the  device 
through  a  TE,,  mode  waveguide 
orthogonal  to  the  stripline. 

With  a  d-c  magnetic  field  applied 
at  a  45-deg  angle  to  the  .stripline, 
and  .3-//sec  pulses  of  20-k\v  peak 
pumping  power,  oscillations  at  4,500 
me  are  observed  having  an  output 
power  of  100  w.  When  the  pumping 


FIG.  4 — Sketch  ol  ierromagnetic  morar 
operatinq  in  the  electromagnetic  mode 


power  is  reduced  below  the  thresh- 
hold  level,  amplification  of  the 
4,500  me  signal  may  be  observed. 
When  the  pump  oscillator  output 
is  reduced  about  1  db  below  the 
value  required  for  sustaining  o.scil- 
lation,  a  gain  of  8  db  is  realized. 
The  high  level  of  pump  power  re¬ 
quired  for  electromagnetic  opera¬ 
tion  seems  to  preclude  it  from  prac¬ 
tical  application.  Further  experi¬ 
ments  with  semistatic  and  mag¬ 
netostatic  operation  indicate  that 
successful  development  of  the  fer¬ 
rite  mavar  lies  in  this  direction. 
Table  I  is  a  chart  of  the  various 
modes  of  operation  and  the  order  of 
magnitude  of  the  pumping  power 


D*c*pHt«  ■impHclty  oi  thU  "diodn-la-a-box"  Is  rsTsaUd  by  thsss  tIsws  oi  o  maror 
dsTslopsd  at  Staniord  UnlTsrslly.  Tuning  screws  In  cavity  ltd  provide  multiple  reson¬ 
ance,  essential  ii  mavar  operation  is  to  toke  place 


required  for  each,  as  derived  from 
laboratory  experiments. 

II— Variable  Capacitance  Mavar 

It  has  long  been  known  that  a  pn 
junction  exhibits  the  characteris¬ 
tics  of  a  nonlinear  capacitance  when 
biased  in  the  reverse  direction.* 

At  the  junction  there  is  a  region 
known  as  the  depletion  layer,  in 
which  there  are  few  holes  or  elec¬ 
trons.  Within  the  depletion  layer, 
the  net  fixed  charge  is  not  neutral¬ 
ized  by  mobile  carriers,  whereas 
outside  the  region,  there  are  enough 
holes  and  electrons  present  to  neu¬ 
tralize  the  fixed  charges.  This 
situation,  pictured  in  Fig.  5A,  is 
analogous  to  a  parallel-plate  capaci¬ 
tor  with  plates  oppositely  charged. 

When  the  reverse  bias  of  the 
junction  is  increased,  the  depletion 
layer  widens.  This  corresponds  to 
separating  the  plates  of  the  capaci¬ 
tor  with  an  accompanying  decrease 
in  capacitance.  Hence  the  pn  junc¬ 
tion  may  be  represented  as  a  vari¬ 
able  capacitor  whose  value  depends 
on  the  voltage  applied.  Figure  5B 
is  a  graphical  representation  of  the 
depletion  layer  capacitance  as  a 
function  of  the  back  voltage.  A 
typical  dynamic  capacitance  char¬ 
acteristic  for  a  germanium  pn  junc¬ 
tion  is  a  3:1  change  in  capacitance 
for  a  15-v  change  in  bias. 

An  equivalent  circuit  of  a  back- 
bia.sed  junction  or  point  contact  di¬ 
ode  is  shown  in  Fig.  5C.  The  de¬ 
pletion  layer  capacitance  C<  is 
shown  in  series  with  a  constant 
spreading  resistance  R,  and  Co  is 
the  junction  static  capacitance. 

Diode  Amplifier 

The  variable  reactance  repre¬ 
sented  by  the  depletion  layer  capaci¬ 
tance  is  the  mechanism  which  can 


be  utilized  in  mavar  construction. 

Figure  6  shows  a  block  diagram 
of  a  negative  reai.stance  type  ex¬ 
perimentally  .set  up  at  Bell  Tele¬ 
phone  Laboratories.’  Here  the  di¬ 
odes  employed  are  silicon  and  ger¬ 
manium  diffused  junction  types  or 
welded  contact  gold-bonded  ger¬ 
manium  types  mounted  in  a  suit¬ 
able  waveguide  .structure.  A  cir¬ 
culator  is  u.sed  to  isolate  the  input 
from  the  output  sisrnals  and  also 
prevents  thermal  noise  from  the 
load  from  being  amplified.  Pump 
power  is  supplied  at  12  kmc  and 
stable  power  gain  of  45  db  is  meas¬ 
ured  at  the  signal  frequency  of  6 
kmc.  As  predicted  by  theory,  con¬ 
stant  gain-bandwidth  product  is 
achieved.  With  gain  adjusted  to 
about  18  db,  a  bandwidth  of  8  me 
is  possible  at  a  noise  figure  of  about 
5  db.  Pump  power  is  50  to  500  mw. 

In  a  negative  resistance  type 
mavar  con.structed  at  Stanford  Uni- 


FIG.  5 — Space  charge  distribution  at  o 
pn  lunctlon  (A)  results  in  a  nonlinear 
capacitance  which  varies  with  reverse 
bias  (B).  Equivalent  circuit  oi  diode  is 
shown  in  (C) 
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versity,*  a  cavity  is  made  simul¬ 
taneously  resonant  to  frequencies 
of  3,500,  2,300  and  1,200  me.  The 
diode,  a  special  type  with  a  low  fre¬ 
quency  zero-bias  capacitance  of  1 
and  a  spreading  resistance  of 
about  5  ohms  is  placed  within  the 
cavity.  Pump  power  of  about  KM) 
mw  at  3,500  me  causes  oscillations 
to  occur  at  both  lower  frequencies. 
When  pump  power  is  reduced 
•slisrhtly  below  this  level,  amplifica¬ 
tion  at  either  1,200  or  2,300  me  is 
obtained.  Bandwidth  at  19  db  gain 
is  1  me,  at  a  power  output  of  1.6 
mw.  Preliminary  noise  fifirure  is 
less  than  4.8  db. 

Di$advantages 

The  negative  resistance  mode  of 
operation  suffers  from  the  disad- 
vantasre  that  by  its  very  nature  it  is 
difficult  to  achieve  stability.  In 
some  cases,  adju.stment  of  the 
threshold  pump  pf»wer  is  critical, 
and  the  device  is  sensitive  to  load 
variations  unless  a  circulator  or 
other  isolation  device  is  u.sed.  Fur¬ 
thermore,  placing  a  negative  resist¬ 
ance  in  the  signal  circuit  is  equiva¬ 
lent  to  raising  the  Q.  This  results 
in  a  limitation  of  the  bandwidth  ca¬ 
pable  of  being  achieved  at  sub¬ 
stantial  gains. 

The  up-converter  mode  of  opera¬ 
tion  overcomes  some  of  these  dis¬ 
advantages  although  at  the  expense 
of  requiring  a  demodulator  to  re¬ 
cover  the  signal  frequency  /,  from 
the  amplified  sum  frequency 
Scienti.sts  at  Airborne  Instrument 
I-ab,  have  successfully  developed  a 


FIG.  7 — S«tup  ior  up-conT«il*r  low  iroquoncy  marar.  This  typo  is  qsnsrally  mors 
stobls,  capabi#  of  qrsolsr  bandwidth  than  nsqatiss  rssistancs  typs 


low  frequency  amplifier  of  this  type  signal  travels  down  the  line  of  suc- 

with  a  view  to  extending  the  tech-  ce.ssive  .stages.  The  advantage  of 

nique  to  higher  frequencies.*  Fig-  such  an  arrangement  is  an  increase 

ure  7  illustrates  the  method.  in  the  available  bandwidth.  R.  S. 

In  this  system,  a  balanced  mixer  Engelbrecht  of  Bell  Labs  has  ob- 

arrangement  using  two  identical  tained  a  100-mc  bandwidth  at  a 

1N470  silicon  diodes  constitutes  the  signal  frequency  of  400  me.  The 

mavar  section.  The  balanced  con-  pump  power  of  10  mw  was  at  900 

figuration  provides  ea.se  of  tuning,  me.  Gain  of  10  db  at  a  noise  figure 

eliminates  local  o.scillator  noi.se  and  of  only  3.5  db  was  achieved, 

cancels  the  local  oscillator  current  The  implication  of  the  proper- 
through  the  input  and  output  cir-  ties  of  diodes  in  mavar  applications 

cuits.  Available  power  gain  is  10  are  clear.  The  cost  is  potentially 

db  with  a  10  percent  bandwidth  at  low,  reliability  high.  No  external 

the  signal  fretjuency.  The  overall  magnetic  fields  or  refrigeration  are 

effective  input  noise  temperature  is  required.  One  basic  type  covers  a 

40  K,  which  corresponds  to  a  start-  wide  frequency  range  since  there 

ling  noise  figure  of  0.5  db.  are  no  abrupt  internal  resonances  in 

the  properties  of  a  p»  junction. 

Trav0ling  Wave  Probably  it  is  the  diode  type  mavar 

Many  variations  of  the.se  basic  that  will  have  the  most  immediate 
circuits  have  been  devised.  One  of  impact  on  communications 
these  is  an  experimental  traveling- 

wave  amplifier  using  four  stages  of  III— Electron  Beam  Mavar 

diodes  arranged  in  tandem  and  in  Parametric  amplification  of  a  sig- 
such  a  pha.se  relationship  that  a  nals  may  also  be  achieved  by  using 

growing  wave  is  generated  as  the  the  properties  of  a  modulated  elec¬ 
tron  beam  as  the  variable  reactance. 

One  method  varies  the  reactance 


of  a  microwave  cavity  with  a  pump 
oscillator.*  Figure  8  illustrates  the 
system.  A  beam  of  electrons  is  pro¬ 
duced  by  the  electron  gun  and  ac¬ 
celerated  toward  the  collector.  The 
signal  cavity  has  two  equal  gaps 
separated  by  a  drift  space  L.  As 
the  electron  beam  passes  through 
the  cavity,  it  enters  the  field-free 
drift  region.  An  effective  imped¬ 
ance  is  produced  by  the  beam  across 
the  cavity  which  is  a  function  of 
the  drift  angle  a  as  plotted  in  Fig. 
8.  As  .seen  in  the  figure,  if  L  is  ad¬ 
justed  so  that  a  is  tin  radians,  where 
n  is  any  integer,  then  the  im|)edance 
across  the  cavity  becomes  a  pure 


FIG.  6 — Block  dlaqram  of  noqatlT*  rotiatanc*  mavar  Mtup.  Dlodoa  omployod  or*  aUi-  reactance. 

con  and  q*rmanlum  dUiut*d  iuncUon  lyp*a  or  w*ld*d  contact  qold-bond*d  qormanium  To  produce  mavar  action,  the 


ELECTRONICS  engineering  issue  —  September  26,  1958 


69 


[COLLECTOR 


ELECTRON  \  PI 
BEAM  WITh\ 

VELOCITY  Mo  \l 
Vr/Ro  '“f^o^NCE 

\  ^  I 

PUMP  CAVITY- 


SIGNAL  IN  AND  OUT 


Mo  Ro  ® 

JL  *  -  -2.00*  a 

Ro  “ 


DRIFT  ANGLE  0 


SIGNAL  CAVITY 


FIG.  8 — RMlatiTc  and  r*actiT*  component*  of  impedance  acroe*  cority  a*  a  iuncdon 
oi  drift  angle.  Pure  reactance  1*  obtained  when  a  =n  ir  radians 


electron  beam,  and  hence  the  re¬ 
actance,  is  modulated  by  injecting 
pump  power  into  another  cavity 
resonant  to  the  pump  frequency. 
For  simplicity  the  pump  frequency 
is  made  equal  to  twice  the  signal 
frequency. 

If  the  drift  angle  is  (2n  -t-  1)  *r 
radians,  corresponding  to  a  positive 
reactance,  any  noise  currents  of  sig¬ 
nal  frequency  coupled  onto  the  beam 
at  the  cathode  will  cancel  at  the 
signal  cavity  by  virtue  of  their 
being  equal  in  amplitude  but  out  of 
phase  at  the  two  gaps. 

An  experimental  tube  ba.sed  on 
this  principle  was  successfully  oper¬ 
ated,  although  no  noise  figures  are 


as  yet  available.  With  a  pump  fre¬ 
quency  of  8,300  me  at  a  power  level 
of  140  mw,  20-db  gain  was  observed 
at  the  signal  frequency  of  4,150  me. 

Space  Charge  Waves 

Another  mavar  employs  space 
charge  waves  imposed  on  a  modu¬ 
lated  electron  beam.  When  a  beam 
is  modulated  by  an  r-f  signal,  either 
of  two  traveling  waves  of  space 
charge  can  propagate  along  the 
beam.  One  wave,  called  the  “slow” 
wave  travels  at  a  velocity  less  than 
the  d-c  velocity  of  the  beam,  and  the 
other  “fast”  wave  travels  at  a 
greater  velocity.  Hence  the  slow 
wave  may  be  thought  of  as  repre¬ 


senting  a  negative  power  with  re¬ 
spect  to  the  d-c  beam  power,  and 
the  fast  wave  may  be  considered  as 
positive  power.  Therefore,  to  excite 
the  slow  wave,  r-f  power  must  be  ex¬ 
tracted  from  the  beam,  while  the 
fast  wave  is  excited  by  adding 
power  to  the  beam. 

In  a  conventional  traveling  wave 
tube,  gain  is  achieved  by  amplifica¬ 
tion  of  the  slow  wave.  This  is  ac¬ 
complished  by  a  slow-wave  structure 
such  as  a  helix  which  extracts  r-f 
power  from  the  beam  at  the  expense 
of  the  d-c  power.  Noise  impo.sed  on 
a  slow  wave  at  the  cathode  would 
require  for  its  removal  the  addition 
of  r-f  power  to  the  beam  of  proper 
phase  and  amplitude  to  cancel  it  out. 
Because  of  the  random  nature  of 
noise,  this  is  clearly  impo.ssible.  On 
the  other  hand,  noise  imposed  on  a 
fast  wave  represents  an  excess  of 
power  on  the  beam  that  need  merely 
be  extracted  and  ab.sorb€d. 

The  fast  wave,  once  launched  on 
the  beam,  can  be  amplified  by  para¬ 
metric  action  if  the  beam  is  modu-' 
lated  by  a  pump  oscillator.  Under 
these  conditions  the  fast  wave 
grows  exponentially  with  distance 
along  the  beam  at  the  expense  of 
the  pump  power. 

Practical  Version 

A  low-noise  tube  embodying  the.se 
principles  was  first  developed  at 
Zenith  Radio  Corporation.  The 
latest  version  of  this  tube  (see  cut' 


'X 


Technicians  at  Airborne  Intiruments  Lab  (left)  measure  noise  in  up-converter  mavar.  Special  techniques  are  required  to  measure  such 
low  levels  oi  noise  accurately.  At  right,  closeup  oi  semiconductor  diode  being  inserted,  in  waveguide  structure  in  a  negative-resistance 
mavar  application 
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FIG.  9— Croaa-aoction  oi  axporimonlal  iaat-waT*  paramotric  amplUlor  undar  doTolop- 
monl  at  Ball  Laba.  Solanoid  la  uaad  to  iocua  baom  to  daalrad  width 


u.sea  an  electron  gun  which  gener- 
atea  an  electron  beam  of  about  35 
^A.  The  beam  drifta  at  a  low  vel¬ 
ocity  along  the  linea  of  a  magnetic 
held  of  about  200  gauaa.  Input  and 
output  couplera  are  paira  of  deflec¬ 
tion  platea  tuned  to  the  aignal  fre¬ 
quency  of  560  me  by  built-in  coila. 

At  the  input  coupler,  aignal  power 
ia  tranaformed  into  apiraling  elec¬ 
tron  motion.  The  beam  abaorba 
power  from  the  aignal  and  carriea  it 
in  the  form  of  a  tranaverae  faat 
wave.  At  the  aame  time,  the  input 
coupler  ia  deaigned  to  abaorb  the 
faat  wave  component  of  noi.ae  which 
ia  already  preaent  on  the  beam. 
Thua  beam  noi.se  and  input  aignal 
are  interchanged. 

Parametric  amplification  of  the 
fa.at  wave  ia  accompliahed  during 
paaaage  of  the  beam  through  a  non- 
homogeneoua  tranaverae  electric 
field  produced  by  a  .structure  resem¬ 
bling  the  atator  of  a  4-pole  genera¬ 
tor.  The  atructure,  called  a  quad- 
rupole,  ia  excited  by  pump  power  of 
about  10  mw  at  a  freijuency  of  1,120 
me.  The  alternating  field  thua  pro¬ 


duced  cauaea  the  radiua  of  the  orbits 
of  the  apiraling  electrons  to  increase 
or  decrease  exponentially.  On  aver¬ 
aging,  exponential  growth  always 
exceeds  exponential  decay,  resulting 
in  gain.  At  the  output  coupler,  the 
electrons  spiral  inward,  giving  up 
their  kinetic  energy  in  the  form  of 
amplified  aignal  to  the  load  circuit. 


FIG.  10 — Plot  oi  tlqaal  amplltudo  moat- 
urod  at  a  iunction  oi  dittanco  irom  in¬ 
put  cavity.  Growth  oi  tlgnal  It  ovidont 
whon  pump  It  applitd 


Typical  performance  data  for  this 
tube  are:  bandwith  of  50  me  at  a 
center  frequency  of  560  me;  gain  of 
up  to  30  db  at  an  approximate  noi.se 
figure  of  1  db.  The  tube  ia  uncon¬ 
ditionally  stable  and  gain  is  con¬ 
trolled  by  adjusting  the  pump 
power. 


Cavity  Coupling 

A  demountable  tube  similar  in 
principle  to  that  just  de.scribed  has 
been  built  and  operated  at  Bell  Lab- 
oratoriea.“  The  .setup  is  sketched  in 
Fig.  9.  Here  the  input  and  output 
coupling  as  well  as  modulation  of 
the  beam  by  the  pump  ia  accom¬ 
pliahed  by  resonant  cavities. 

In  this  tube,  the  pump  cavity  is 
resonant  at  8,400  me.  The  signal 
cavity  is  tuned  to  half  the  pump  fre¬ 
quency  and  excites  a  fa.st  wave  of 
apace  charge  on  the  beam.  Simul¬ 
taneously  noi.se  is  coupled  out  and 
absorbed. 

The  third  cavity  is  tuned  to  the 
signal  frequency  and  can  be  moved 
axially  so  as  to  measure  the  varia¬ 
tion  of  .space  charge  with  distance 
along  the  beam.  Figure  10  shows 
the  variations  when  approximately 
1  w  of  pump  pow’er  is  used.  In  this 
case  a  parametric  gain  of  about  41 
db  was  achieved  with  the  tube,  but 
internal  lo.sses  cut  this  figure  to  a 
realizable  21  db.  Although  noi.se  per¬ 
formance  data  ia  unavailable,  the 
figure  should  be  well  below  that  of 
conventional  twt’a  which  is  limited 
to  about  4  db. 
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FIG.  1 — Prob*  dim^ntioas  ior  O.OSS-lach 
dlamalar  wire  under  (Ml 


FRONT  COVER— When  wire  Is  pulled 
Ihrouqh  probe  coll  mounted  on  clear  plastic 
stand,  meter  on  panel  Indicates  siae  ol  each 
flaw.  Meter  reads  lull-scale  ior  perfect  wire 


Detecting  Invisible 


probe  coil  must  fit  tightly  around  determine  the  magnitude  of  the 
the  wire.  Coil  length  should  be  the  change  in  coil  impedance.  The  im- 

minimum  that  will  still  give  an  ade-  pedance  value  also  depends  on  the 

quate  coil  impedance.  For  testing  electrical  properties  of  the  wire, 

zirconium  wire  0.055  inch  in  di-  With  zirconium  wire,  however,  the 

ameter  the  optimum  coil  geometry  conductivity  and  permeability  were 
as  determined  experimentally  is  sufficiently  uniform  so  they  did  not 
shown  in  Fig.  1.  interfere  with  flaw  detection. 

Variations  in  coil-to-wire  spacing 
Factors  Affecting  Accuracy  change  the  impedance  of  the  coil. 

To  minimize  this  change,  the  di- 
Wire  defects  are  usually  cracks  ameter  of  the  center  hole  of  the 
and  internal  voids,  the  size  of  which  coil  form  was  made  only  0.005  inch 


ONE  CRITICAL  NUCLEAR  reactor 
application  called  for  a  large 
quantity  of  0.055-inch-diameter- 
zirconium  wire  having  exceptionally 
high  quality.  Cracks  or  internal 
voids  less  than  0.001  inch  in  depth 
or  length  were  sufficient  cause  for 
rejection.  The  instrument  described 
here  reliably  detected  these  defects. 
Speed  of  inspection  is  limited  by 
the  band  width  of  the  recording  sys¬ 
tem  used  to  make  a  permanent  rec¬ 
ord  of  the  wire  quality ;  however,  if 
a  permanent  record  is  not  neces¬ 
sary,  an  electronic  relay  circuit  can 
be  used  to  indicate  fiaws  in  the 
wire.  Inspection  speeds  of  many 
feet  per  second  then  become  pos¬ 
sible.  Both  paramagnetic  and  fer¬ 
romagnetic  wire  can  be  inspected. 


CATH  FPL  _  OWENS  BRIDGE 


♦?J5V 


UkPVITUOE  500K 
I  STABILIZER  O  Oi: 


0.00l_ 
I  PROBE  ZZOK^ 
iCOIL 


crystal! 

sookJ 


Theory  of  Operation 


The  wire  to  be  tested  is  run 
through  a  small  probe  coil  which 
establishes  an  a-c  magnetic  field 
that  induces  eddy  currents  in  the 
wire.  Flaws  cause  a  change  in  the 
magnitude  and  direction  of  the  eddy 
currents,  thereby  causing  changes 
in  the  impedance  of  the  probe  coil. 
Measurement  of  the  change  in  im¬ 
pedance  can  thus  provide  informa¬ 
tion  on  wire  quality. 

To  obtain  a  maximum  change  in 
coil  impedance  for  a  given  flaw,  the 


+Z35V 


FIG.  2 — Circuit  oi  Instrumant.  Eloctronlc  ralay  or  rocordor  may  b«  connoctad 
acroai  mlcroommatar  In  d-c  dliiarantlal  Toltmatar  circuit  11  daairad 
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Zirroniiim  wire  for  positioning  fuel  elements  of  nuclear  reactors  is  run 
throu“;h  probe  coil  of  hi^h-sensitivity  eddy-current  instrument  that  gives 
permanent  record  of  surface  or  internal  cracks  and  voids  smaller  than 
0.001  inch.  Result  is  measure  of  integrated  wire  quality  because  several 
small  cracks  give  same  indication  as  one  large  crack.  Instrument  is  readily 
calihrate<l  for  other  kinds  of  wire.  With  meter  or  relay  in  place  of  recorder, 
speeds  of  several  hundred  feet  per  minute  can  be  achieved  for  production 


By  R.  G.  MYERS  an<l  C.  J.  RENKEN,  Argonne  National  Laboratory,  Lemont,  Illlnola 

Flaws  in  Wire 


Cross-aactlona  o(  O.OSS-Inch  tlrconluin  wlia  uaad  ior  colibrallnq  laatrumaal.  Output 
waa  adlualed  ao  malar  qaaa  raadlnq  oi  S  (or  atondard  accaptobla  wlra  at  lait.  Naxt 
aampla.  with  at  laaat  lour  motor  (law  araoa.  qaaa  raadlnq  ol  0.0,  third  rampla 
qaaa  O.S.  and  aampla  at  riqhl  with  only  ona  aurloca  crack  qaaa  2.  For  nuclaar 
raaclor  application,  accaptabla  wlra  had  to  raad  oaar  4.2S  at  all  pointa 


greater  than  the  nominal  wire  di¬ 
ameter,  Wire  diameter  varied  only 
±0.003  inch,  which  wa.s  not  enough 
to  interfere  with  detection  of  flaws. 

ChanRe.s  in  the  operating  tem¬ 
perature  of  the  coil  vary  its  imped¬ 
ance.  If  these  temperature  changes 
are  too  drastic,  the  calibration  of 
the  instrument  will  be  affected. 
The.se  chanRes  in  temperature  may 
come  from  chanRes  in  the  ambient 
temperature  or  from  exce.ss  coil  cur¬ 
rent. 

The  operatinR  frequency  is  not 
critical,  hence  a  wide  ranRe  of  fre¬ 
quencies  can  be  used  for  detectinR 
flaws  in  wire.  This  ranRe  can  be 
determined  theoretically  or  experi¬ 
mentally,  and  varies  with  the  per¬ 
meability,  conductivity  and  di¬ 
ameter  of  the  wire  to  be  tested. 

The  circuit  diaRram  is  shown  in 


FiR.  2.  The  impedance  of  the  probe 
coil  is  measured  with  a  modified 
Owens  bridRe  circuit  consistinR  of 
R„  R„  C,  and  C,.  The  crystal-con¬ 
trolled  oscillator  supplies  a  150-kc, 
20-volt  peak-to-peak  sinusoidal  volt- 
aRe  to  the  primary  of  the  audio 
transformer  throuRh  a  cathode  fol¬ 
lower.  Probe  coil  heatinR  is  neR- 
liRible  with  this  voltaRe.  An  ampli¬ 
tude-stabilizing  circuit  practically 
eliminates  the  effects  of  oscillator 
voltaRe  drift. 

Output  Voltage 

BridRe  output  voltaRe  is  amplified 
in  five  stages,  then  rectified  for 
measurement  by  a  d-c  differential 
voltmeter.  A  tuned  circuit  con¬ 
nected  from  the  grid  of  the  second 
amplifier  stage  to  ground  eliminates 
undesirable  harmonics.  Degenera¬ 


tive  feedback  loops  in  the  last  ampli¬ 
fier  stages  a.Hsure  high  .stability. 

To  calibrate  the  instrument,  sev¬ 
eral  wires  were  tested  at  many 
points,  the  wires  were  sectioned  at 
these  points,  and  wire  quality  was 
determined  by  micro.scopic  inspec¬ 
tion.  This  gave  output  voltages  of 
0  to  4.25  V  for  unacceptable  wire. 

To  .set  up  the  instrument  for  op¬ 
eration,  the  bridge  is  first  balanced 
without  a  wire  in  the  coil  by  adju.st- 
ing  R,  and  R,  for  zero  output  volt¬ 
age.  using  first  the  50-v  range  and 
then  the  5-v  range.  With  the  meter 
on  the  5-v  scale,  the  standard  flaw¬ 
less  wire  is  placed  in  the  probe  coil 
and  the  500,000-ohm  potentiometer 
across  the  6AL5  rectifier  output  is 
adjusted  until  the  meter  reads  5  v. 
The  meter  is  then  switched  to  the 
test  scale  and  the  0.1-megohm  meter 
balance  potentiometer  is  adjusted 
to  obtain  a  full-scale  deflection.  The 
instrument  is  then  ready. 

When  the  meter  is  set  on  the  test 
position,  the  variable  resistance  in 
the  grid  circuit  of  the  r2AU7 
balances  out  a  portion  of  the  d-c 
voltage.  This  allows  the  remaining 
d-c  voltage  to  cover  the  entire 
meter  range  and  increases  the 
.sensitivity  of  the  meter  to  defects. 
To  obtain  a  full-scale  reading  for 
2.5  V,  a  0.2-megohm  resistor  is  used 
for  Rf. 
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FIG.  1 — Diagrom  illustrates  how  the  electron  beam  is  shaped  to  select  indiyidual  Operator  is  shown  checking  ilnal  adiust- 

characters  irom  the  matrix.  The  shaped-beam  tube,  part  of  the  computer  reodout.  ments  prior  to  actual  operation  of  the 

represents  a  method  of  writing  on  a  cathode-ray  screen.  Selection  plates  direct  the  beam  high-speed  electronic  printer.  The  char- 

ot  the  desired  chorocter  in  the  motrix  whence  it  is  deflected  to  face  of  crt  acter-forming  tube  is  in  the  top  panel 


Electron  Gun  Operates 


Successful  marriage  of  the 
Charactron  computer  readout, 
employing  the  shaped-beam  tube 
for  code  conversion  and  character 
display,  with  the  Copyflow  Xero¬ 
graphic  printer,  now  makes  it  pos¬ 
sible  to  record  one-million  type¬ 
written  characters  per  minute. 

Pulse-code  data  of  electronic 
processors  can  be  converted  to 
printed  records  in  the  form  of  let¬ 
ters,  numerals,  charts  and  graphs 
on  ordinary  untreated  paper. 

The  shaped-beam  tube  effects 
code  conversion  and  character  dis¬ 
play  by  first  transforming  pulse- 
codes  into  light  rays  of  predeter¬ 
mined  configurations.  The  printer 
transforms  these  light  rays  into 
printed  records.  Each  system  is 
unique  in  its  respective  method  of 
operation  and  in  combination  they 
are  expected  to  make  worthwhile 
contributions  to  the  growing  read¬ 
out  speed  requirements  of  data 
processors. 

Electron  Optics 

Shaped-beam  tube  C7C11  is  used 
as  the  code  converter.  A  simplified 
diagram  of  the  electron  optical  sys¬ 
tem  of  this  tube  is  shown  in  Fig.  1. 
The  optics  are  similar  to  that  of 
the  C19K,  developed  for  use  in  air¬ 


craft  surveillance  systems,  except 
that  a  second  magnetic  lens  has 
been  added  to  the  C7C11  tube.  This 
lens  is  located  betwen  the  deflection 
yoke  and  the  reference  plate  system. 

Characters  are  formed  by  direct¬ 
ing  a  beam  from  the  electron  gun 
at  a  thin  metal  disk  which  may 
have  as  many  as  64  different  char¬ 
acters  arranged  in  an  8-by  8-char¬ 
acter  matrix,  cut  out  like  a  stencil. 
Beam  diameter  is  sufficient  to  cover 
the  largest  character  in  the  matrix. 
Selection  plates,  located  between 
the  electron  gun  and  the  matrix, 
are  supplied  with  d-c  control  volt¬ 
ages  which  direct  the  beam  at  the 
desired  character. 

The  characters  and  their  matrix 
alignment  conform  with  the  com¬ 
mon  language  of  the  computer. 
There  is,  therefore,  a  direct  rela¬ 
tionship  between  a  given  set  of 
identifying  codes,  the  type  and  ar¬ 
rangement  of  characters  in  the 
matrix  and  the  characters  displayed 
on  the  screen  of  the  tube. 

Magnetic  lens  No.  2  in  Fig.  1 
permits  the  characters  displayed  on 
the  screen  of  the  tube  to  be  varied 
in  height  from  0.035  in.  to  0.07  in. 
in  accordance  with  instructions 
from  the  data-processing  equip¬ 
ment.  The  0.035  in.  character-dis¬ 


play  dimensions  permit  an  infor¬ 
mation  density  ( character.s-per- 
unit-area)  of  more  than  10,000 
characters  within  the  41  in.  sq 
area  of  a  6-in.  useful  screen  diam¬ 
eter  of  the  tube.  This  is  nine  times 
the  information  density  po.ssible 
when  employing,  for  example, 
0.1-in.  high  characters  on  the  19-in. 
diam  screen  of  the  C19K  tube.  The 
use  of  0.035-in.  high  characters  in 
many  computer  read-out  applica¬ 
tions  vastly  reduces  the  number  of 
pictures  needed  in  the  conversion 
of  output  data  to  permanent  rec¬ 
ords.  In  line-at-a-time  printing  of 
the  output  of  data  proces.sors,  there 
is  ample  room  to  display  128  or 
more  0.035-in.  characters  in  a  sin¬ 
gle  line  across  the  u.seful  screen 
diameter  of  the  tube. 

A  simplified  diagram  of  the  com¬ 
puter  readout  and  printer,  is  shown 
in  Fig.  2.  The  control  elements  of 
the  shaped-beam  tube  are  shown  as 
block  diagrams.  F'igure  3  shows 
the  actual  physical  layout  of  the 
components. 

Xerography 

Operation  of  the  printer  is  cen¬ 
tered  around  an  aluminum  drum 
having  a  photoconductive  surface 
of  vitreous  selenium  which  has 
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Electronic  printer  converts  pulse-code  data  from  shaped-beam  crt  into 
printed  records  on  ordinar>  untreated  paper  at  the  rate  of  one-million 
chara«‘ters  per  minute.  Characters  are  formed  hy  passing  a  mafjnelically  <*on- 
trollcd  electron  heani  through  a  thin  metal  stencil-cutout  matrix  which 
(‘ontains  alphabetic  and  numeric  characters.  Hi«:h-speed  printed  readout  is 
solved  by  usinj?  xerojiraphic  electronic  (Irv-printinfi  techni<pie 


By  JOSEIMi  T.  McNANEY, 

Technical  Director,  StromherK-Carluon-Sah  DIeKO,  A  Dlvlalon  of  Oeneral  Dynamlca  Corporation.  San  Diego,  California 


High-Speed  Printer 


been  deposited  by  vacuum  evapora¬ 
tion.  There  are  five  processinK 
steps  involvinjr  this  drum:  Uniform 
charffinK  of  the  drum’s  photocon- 
ductive  surface  renders  it  lijrht 
sensitive:  Exposure  of  the  uni- 
formly-charjred  drum  surface  to 
lijfht  imaRes  from  the  shaped-beam 
tube;  Development  of  exposed  areas 
by  allowinR  them  to  collect  oppo¬ 
sitely  charged  and  finely-divided 


powder  particles;  Transfer  of  the 
powder  imaRe  to  a  record  medium, 
such  as  untreated  paper;  Removal 
of  any  remaininR  powder  particles 
prior  to  the  succeetlinR  charRinR 
cycle. 

After  the  powder  is  transferred 
to  the  papt?r,  the  characters  are 
heat-fused  to  the  paper  and  are 
available  immediately  as  a  perma¬ 
nent  record. 


The  photoconductor  surface  of 
the  drum  is  charRed  by  sprayinR 
the  surface  with  positive  ions 
forme<l  by  corona  di.scharRe.  A 
corona-charRiiiR  unit  consists  of 
two  sets  of  fine  wires,  supported 
adjacent  to  the  surface  of  the  drum 
and  at  riRht  anRles  to  the  direction 
of  drum  rotation.  A  fiat  plate  con¬ 
ductor  is  supptuTed  on  the  opposite 
side  of  the  wires.  To  Renerate  co¬ 
rona  di.scharRe,  the  upper  and 
lower  wire  sets  are  connected  re¬ 
spectively  to  positive  potentials  of 
a  few  thou.sand  volts  and  several 
hundred  volts  with  respect  to  the 
drum  and  plate  which  are  at  Rround 
liotential.  These  potentials  cause 
air  molecules  to  become  ionized  and 
l>ositive  ions  deposited  on  the  sur¬ 
face  of  the  drum,  thereby,  charRinR 
the  photoconductor  to  a  potential 
of  several  hundred  volts. 

Exposure 

After  the  surface  of  the  drum 
has  been  charRed.  the  potential  dif¬ 
ference  between  the  surface  of  the 
photoconductor  and  the  aluminum 
base  may  be  neutralized  by  expos- 
inR  the  surface  to  visible  liRht  rays. 
When  exposed  to  character  shapes 
havinR  the  blue  liRht  illumination 
of  the  fluorescent  screen  of  a  C7C11 


SYSTEM 

SYNC 


DRIVE  MOTOR- 


FIG.  2 — Sbapllilad  diagram  oi  lh«  computar  raadoul  circuitry  and  tha  prinlar.  Much 
oi  tha  circuitry  la  oi  conaantlonal  daalgn.  Maasaga  diaplaya  on  tha  acraen  oi  tha  ahapad- 
baam  tuba  ara  iocuaad  on  tha  llght-aanaltlTa  auriaca  oi  tha  drum  through  on  optical 
ayatam  oi  auriaca-railactlng  mlrrora  and  lanaaa 
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tube,  only  those  areas  of  the  photo¬ 
conductor  which  have  been  exposed 
will  decay  to  the  ground  potential. 

When  the  charged  photoconductor 
is  exposed  to  light,  electron-hole 
pairs  will  be  generated  near  the 
surface  of  the  selenium  layer  when 
incident  photons  are  absorbed  and, 
thereby,  produce  sufficient  excita¬ 
tion  to  raise  electrons  from  the 
valence  band  to  the  conduction 
band.  The  positive  holes,  thus  cre¬ 
ated,  are  then  free  to  migrate 
through  the  selenium  lattice  toward 
the  base  and  so  contribute  to  di.s- 
charging  the  illuminated  area. 
Electrons  can  move  only  the  short 
di.stance  to  the  surface,  hence  their 
contribution  to  the  discharge  of  the 
plate  is  negligible. 

Perhaps  the  most  important 
characteristic  of  the  selenium  pho¬ 
toconductor,  which  allows  the  proc¬ 
ess  to  resolve  the  character  presen¬ 
tations  of  the  C7C11  tube,  is  the 
absence  of  lateral  conduction.  This 
is  due  to  the  fact  that  the  lateral 
electric  field  component  is  small 
compared  to  the  strong  perpendicu¬ 
lar  component  within  the  photo- 
conductive  layer. 

Development 

To  develop  the  latent  images  on 
the  surface  of  the  drum,  a  finely- 
ground  pigmented  resinous  powder 
known  as  toner,  combined  with  a 
relatively  large  granular  material 
which  acts  as  a  carrier,  is  cascaded 
over  the  exposed  surface.  The  car¬ 
rier  adds  mass  to  the  developer  as 
it  cascades  over  the  drum  and  also 
charges  the  powder  particles  to  the 
correct  polarity  by  frictional  elec¬ 
trification.  This  phenomenon,  also 
called  triboelectrification,  is  re¬ 
sponsible  for  the  electrical  bond 
which  exists  between  the  carrier 
and  the  toner. 

As  the  toner-laden  carrier  par¬ 
ticle  passes  over  an  electrical  dis¬ 
continuity  of  the  drum’s  surface, 
the  vertical  component  of  the  fring¬ 
ing  field  exerts  a  sufficiently  large 
force  on  the  toner  particles  to  over¬ 
come  the  carrier-to-toner  bond. 
Thus  the  toner  particles  attach 
themselves  to  the  drum  within  the 
image  area. 

Image  Transfer 

After  the  images  have  been  de¬ 
veloped  on  the  surface  of  the  drum 


the  toner  is  transferred  to  the  rec¬ 
ord  medium,  such  as  paper,  and 
made  permanent  by  heat  fixing. 

The  paper  is  fed  past  the  transfer 
unit  at  the  surface  speed  of  the 
drum  and  in  actual  contact  with 
the  drum’s  surface.  The  ion  charge 
which  is  deposited  on  the  paper  by 
the  corona  unit  sets  up  an  electric 
field  of  sufficient  magnitude  to  over¬ 
come  the  attraction  between  the 
toner  and  the  discharged  surface 
areas  of  the  drum.  Thus,  the  posi¬ 
tively  charged  toner  is  drawn  from 
the  drum  and  attracted  onto  the 
paper  which  is  then  subjected  to 
heat  that  melts  the  resinous  toner 
and  fixes  it  to  the  paper.  The  pig¬ 
mented  image  is  permanently 
bonded  to  the  paper  by  this  process, 
making  printed  copy  available  for 
immediate  viewing. 

Pulse  Code  Data 

In  the  simplified  diagram  of  the 
high-speed  readout  device  shown  in 
Fig.  2,  message  displays  on  the 
screen  of  the  shaped-beam  tube  are 
focused  on  the  light-sensitive  sur¬ 
face  of  the  drum  through  an  optical 
system  of  surface  reflecting  mir¬ 
rors  and  len.ses.  Illuminations  ap¬ 
pearing  on  the  screen  are  in  accord¬ 
ance  with  pulse-code  data  coupled 
to  control  circuitry  of  the  shaped- 
beam  tube.  These  data  may  be 
derived  from  a  variety  of  informa¬ 


tion  sources  such  as  scientific  elec¬ 
tronic  computers,  automatic  data 
processors,  central  filing  systems 
and  telecommunication  networks. 

The  staircase  generator,  which  is 
a  7-8tage  binary  counter  and  a  7-bit 
digital  to  analog  converter,  con¬ 
trols  the  horizontal  spacing  of  sym¬ 
bolic  data  across  the  11-inch  wide 
paper,  while  a  servo-controlled  pa¬ 
per  drive  regulates  the  vertical 
spacing  of  data  on  the  paper  as  it 
is  fed  through  the  printer.  The 
stairca.se  generator  provides  a  max¬ 
imum  of  128  display  positions 
across  the  paper  which,  as  in  the 
mechanical  typewriter,  may  l>e  re¬ 
ferred  to  as  character  spacing.  In 
each  of  the.se  display  positions  sym¬ 
bolic  data  from  the  matrix  may  be 
printed  corresponding  to  letters, 
numerals,  symlnds.  or  horizontal 
and  vertical  line  making  data.  Line 
making  data  is  programmed  to 
print  the  desired  business  form 
along  with  the  recorded  message. 
Larger  type  size  of  the  fixed  form 
is  controlled  from  the  input  equip¬ 
ment  by  coupling  the  necessary 
control  signals  to  the  dynamic  fin-us 
circuitry  of  the  printer. 

Forming  Characters 

The  character  matrix  of  the 
shaped-beam  tul)e  is  positioned 
along  the  axis  of  the  tube,  normal 
to  the  direction  of  elec-tron  flow, 


PUSH-BUTTON  Shield  shaped- beam  Tube  developer 


FIG.  3 — Cros*  ■•cUonal  view  oi  th«  high-speed  electronic  printer  shows  the  physical  con¬ 
figuration  of  the  complete  system 
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FIG.  4 — Circuit  dlaqram  ol  th«  3-bll  dlqitol-to-analoq  conT*r1ar,  uaad  to  salad  any  ona 
oi  tha  64  matrix  positlona 


and  about  midway  of  the  field  of 
the  magnetic  len.s.  A  beam  of  elec¬ 
trons  from  the  electron  jriin  is  di¬ 
rected  at  the  matrix  upon  the  exci¬ 
tation  of  an  intensity  circuit  by  a 
beam  unblank  control  signal.  Be¬ 
fore  the  application  of  an  unblank 
signal  and  prior  to  the  display  of 
a  character,  the  three  horizontal 
.selection  bits  and  the  three  vertical 
selection  bits  are  coupled  to  their 
respective  diRital  to  analog  con¬ 
verters  and  d-c  voltages  derive<l 
from  the  converters  are  amplified 
and  applied  to  the  reference  and 
select icm  plates  of  the  tube. 

Up<»n  the  application  of  a  beam 
unblank  signal,  the  .selection  plates 
will  direct  the  beam  toward  the 
desired  character  in  the  matrix, 
and.  after  the  No.  1  magnetic  len.s 
has  returned  the  shaped  beam  to 
a  cross-over  point  on  the  axis  of 
the  tube,  the  reference  plates  will 
redirect  the  beam  back  onto  the 
axis.  A  6-bit  code  permits  the 
cross-section  of  the  l>eam  t<)  assume 
the  shape  of  as  many  as  64  different 
characters  which  are  engraved  in 
less  than  a  0.25-.sq  in.  area  of  the 
matrix. 

The  size  of  the  displayed  char¬ 
acter  may  then  be  controlled  in 
height  by  the  No.  2  magnetic  lens 
just  prior  to  final  deflection. 


It  is  not  nece.ssarily  a  require¬ 
ment  to  regulate  drum  rotation  and 
paper  feed  in  accordance  with  con¬ 
trol  data  from  a  computer  or  data 
processor  except  in  those  applica¬ 
tions  where  data  coupled  to  the 
printer  is  subject  to  variations  in 
the  character-per-second  di.splay 
rate.  In  such  cases  a  special  servo- 
regulated  drive  mechanism  is  in- 
corp<»rated  in  the  printer. 

Selection  Bits 

The  selection  of  any  one  of  the 
64  matrix  positions  is  accomplished 
by  two  ;i-bit  digital  to  analog  con¬ 
verters:  three  bits  for  vertical  .se¬ 
lection  and  three  for  horizontal 
selection.  The  two  function  iden¬ 
tically.  Three  bits  are  channeled  to 
each  converter,  where  they  are  de¬ 
coded  (or  converted)  in  two  cur¬ 
rent  ladders  that  provide  push-pull 
signals. 

Kach  converter  functions  on  the 
principle  of  three  equal  currents 
being  electronically  switched  in  and 
out  of  a  network  of  precision  re¬ 
sistors.  These  resistors  weight  the 
inputs  according  to  the  significance 
of  the  bits  so  that  one  current 
causes  a  voltage  change  of  fj,  the 
.second  a  change  of  iK,  the  third  a 
change  of  lA’. 

If  the  current  through  the  plate 


load  resistance  of  V',,  in  Fig.  4  is 
assigned  a  value  of  /,  then  the  cur¬ 
rent  through  this  same  load  as  a 
result  of  conducting  will  l>e  4/, 
and  the  current  through  this  same 
load  as  a  result  of  V,,  conduction 
will  be  1/. 

A  constant  voltage  on  the  grid  of 
V,  cau.ses  the  cathode  of  F,  to  ri.se 
to  the  same  voltage  plus  the  tul>e 
bias  voltage;  thus  a  constant  volt¬ 
age  on  the  cathode  is  established. 
The  cathode  bias  resistor  of  I’,  is  a 
precision  resistor.  Current  flowing 
through  r,  must  flow  through 
either  F,^  or  F,,  to  reach  plus  200  v. 

Assuming  an  input  signal  of  111 
hence  all  three  tubes  are  conduct¬ 
ing,  the  voltage  developed  across 
the  plate  load  resistance  of  F,,  is 
1.75  IR.  With  an  input  condition 
of  Fi.,  and  F„,  conducting  and  F,., 
nonc»)nducting,  the  voltage  devel¬ 
oped  acro.ss  the  output  will  be  1.5 
IR  V.  Thus  binary  combinations 
of  the  .‘1-bit  information  (‘2:1)  can 
Iw  converted  into  8  different  v*>lt- 
age  levels  at  the  output  of  the 
ladder. 


Pinal  Amplifiers 

Two  d-c  amplifiers  are  used  to 
amplify  the  decoded  push-pull  sig¬ 
nals  from  the  decoder.  The  result¬ 
ing  amplifier  push-pull  signals  are 
then  applied  to  the  .selection  plates 
of  the  display  tube  for  correct  char¬ 
acter  .selection.  The  output  signals 
from  the  horizontal  and  vertical 
decoders  are  also  fe<I  into  four  ad¬ 
ditional  amplifiers,  the.se  are  refer¬ 
ence  amplifiers  u.sed  to  amplify  the 
push-pull  signals  before  the  signals 
are  applied  to  the  reference  plates 
of  the  display  tube  to  reference  the 
shaped  electron  beams  back  onto 
the  axis  of  the  tube.  Each  set  of 
amplifiers,  both  .selection  and  refer¬ 
ence,  are  provided  with  an  inde¬ 
pendent  signal  gain  c«)ntrol  and 
centering  adjustment. 

The.se  potentiometer  adjustments 
provide  compensatory  control  for 
variations  in  tube  sensitivity  and 
computer  readout  circuitry. 
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Designing  Transistor 


Transistorized,  saturable-core  relaxation  oscillators  are  finding  increased 
application  as  d-c  to  a-c  converters.  This  article  presents  a  rapid  means  for 
determination  of  necessary  circuit  parameters.  The  teclinicpie  is  applicable 
to  many  variations  of  the  basic,  two-transistor  symmetrical  circuit 


By  STANLEY  SCHENKERMAN, 

Senior  Enfflneer,  Missile  Development  Division,  Ford  Instrument  Company,  I.onK  Island  City,  N.  Y. 


Determination  of  circuit  para¬ 
meters  in  transistorized  d-c 
to  a-c  converters  is  simplified  greatly 
by  use  of  the  accompanying  nomo¬ 
graphs. 

A  symmetrical  form  of  converter' 
is  shown  in  Fig.  1.  It  consists  of 
transistors  Q,  and  Q,  operating  as 
controlled  switches,  a  battery  E, 
and  a  core  with  square-loop  char¬ 
acteristics. 

Circuit  Operation 

Assume  that  Q,  begins  conduct¬ 
ing.  Current  flowing  into  the  top 
or  dot  end  of  L,  causes  all  windings 
to  be  positive  at  the  dotted  end. 
The  voltage  across  L,  increases  con- 
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FIG.  1 — Symmetrical  conrerter  circuit 
(A)  ond  ideal  output  waTeiorm  (B). 


duction  still  further,  causing  regen¬ 
eration  until  Q,  saturates.  This 
switching  occurs  rapidly.  The  in¬ 
duced  voltage  across  L,  keeps  Q,  cut 
off. 

When  Qi  .saturates,  almo.st  all  of 
the  battery  voltage  appears  across 
L,.  The  core  flux,  4>,  increases 
linearly  with  time  until  positive 
core  saturation  is  reached.  At  core 
saturation,  the  transistor  current 
increases  rapidly  in  an  attempt  to 
maintain  constant  dib/dt,  but  the 
transistor  current  is  limited  by  the 
base  voltage  developed  by  L,. 

When  the  current  and  the  result¬ 
ant  flux  can  no  longer  increase,  the 
induced  voltages  drop  to  zero  and 


Vqut 

> - - - - -  TIMC 

(B) 

FIG.  2 — Atsymetrical  circuit  (A)  and  iU 
idual  output  waToform  (B) 


Q,  is  cut  off.  Ce.s.sation  of  current 
in  L,  allows  the  flux  to  decrease 
toward  its  remanance  value,  induc¬ 
ing  voltages  of  the  t»pposite  polarity 
in  all  windings.  This  action  holds 
Q,  off  and  turns  Q,  on.  The  battery 
is  now  connected  across  and  the 
flux  builds  up  linearly  to  its  nega¬ 
tive  saturation  level. 

The  core  oscillates  between  posi¬ 
tive  and  negative  .saturation.  If  Q, 
and  Qt  are  similar  and  L,  =  L,  and 
L,=L„  a  .square  wave  is  induced  in 
the  output. 

Design  Procedure 

Usual  design  procedures  involve 
initial-core  selection,  completion  of 
necessary  design  calculations,  and  a 
check  to  make  certain  that  the  re¬ 
quired  windings  fit  into  the  avail¬ 
able  area.  The  designer  may  then 
accept  the  initial  core  size  or  repeat 
the  procedure  with  a  larger  or 
smaller  core  as  influenced  by  his 
preceding  calculations. 

Core  size  may  be  dictate<l  by 
factors  such  as  window  area  avail¬ 
able  for  windings,  coat,  weight,  and 
overall  size.  Cores  wound  from  thin 
tape  and  w’ith  high  ratios  of  inside 
to  outside  diameter,  give  fast 
switching  and  steep  waveforms. 

Core  materials  such  as  Orthonol 
and  Hymu  “80”,  with  narrow  rec¬ 
tangular  hysteresis  loops,  contrib¬ 
ute  to  frequency  stability  and  low 
core  losses.  Unfortunately,  all  de¬ 
sirable  features  are  not  available 
simultaneously.  The  narrower  the 
loop,  the  lower  the  .saturation  flux 
density  and  the  less  rectangular  the 


78 


September  26,  1958  —  ELECTRONICS  engineering  issue 


D-C  to  A-C  Converters 
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loop.  The  material  selected  must  be 
a  c<»mpromi.se  of  all  factors. 

Timing  Nomograph 

VV’ith  a  trial  core  in  mind,  the 
number  of  turns  for  L,  and  L,  may 
be  found  from  the  timing  nomo- 
jrraph.  This  is  ba.sed  on  the  rela¬ 
tion  jroverninjr  the  change  in  core 
flux: 


where  T  is  time  in  seconds  durinR 
which  battery  voltaRe  is  applied  to 
the  core  winding;  E  is  the  battery 
voltage;  N  is  the  numl)er  of  turns 
on  the  core;  A  is  cross-sectional 
area  of  the  core  in  sq  cm;  and  H,  is 
saturation  flux  density  in  gau.ss. 
The  factor  of  2  is  necessary  because 
the  core  change  from  negative  to 
positive  saturation,  or  vice  versa,  is 
a  change  of  2B. 


For  a  specified  load  voltage,  the 
number  of  output  turns  resulting 
from  application  of  the  ideal  trans¬ 
former  equation  must  l>e  increa.sed 
by  ten  percent.  This  increa.se  is 
necessary  to  compensate  for  leakage 
impedances  and  the  transi.stor 
saturation  voltage.  The  latter  is 
normally  less  than  one  volt  for  ger¬ 
manium  transistors  but  may  be 
higher  for  silicon  units.  The  volt¬ 
age  nomograph  for  output  turns 
a.ssumes  that  this  ten  percent  factor 
is  sufficient.  The  equation  is 

-  l  .I  .V  (2) 

where  is  the  peak  output  volt¬ 
age  during  one-half  cycle. 

At  this  point,  the  transi.stor  may 
be  .selected.  Although  it  must  sup¬ 
ply  one-half  the  required  load  power 
and  core  and  copper  losses,  its  oper¬ 
ating  point  pas.ses  through  the  high 


di.ssipation  region  quickly.  As  long 
as  .switching  time  occupies  a  neg¬ 
ligible  portion  of  the  cycle,  the  tran¬ 
sistor  may  be  a.ssumed  95-percent 
efficient.  Copper  and  core  los.ses 
total  about  15  percent.  Overall 
conversion  efficiency  is  0.95  x  0.85 
or  about  81  percent. 

The  transi.stor  must  deliver  cur¬ 
rent  to  a  fictitious  load  who.se  re¬ 
sistance  is  about  85-percent  of  the 
reflected  converter  load.  In  addition, 

,  the  transi.stor  must  deliver  about 
130  percent  of  the  current  required 
by  the  fictitious  load.  This  value  is 
neces.sary  to  insure  that  the  core 
is  driven  well  into  .saturation. 

Peak  voltage  appears  across  the 
transistor  when  it  is  cut  off.  .Assume 
zero  .saturation  voltage  for  the  tran¬ 
sistors  and  ideal  windings.  Peak 
inverse  voltage  from  collector  to 
emitter  of  Q,  is  then  the  battery 
voltage  plus  the  voltage  induced  in 
L,  by  current  in  L,.  In  this  case, 
peak  inverse  voltage  is  £"  -t-  £,'  or 
2E  volts. 


Feectback 

Feedback  turns  of  L,  may  be  de¬ 
termined  from  the  voltage  nomo¬ 
graph  once  the  required  base  voltage 
is  found  from  the  transistor  out¬ 
put  and  input  characteristics.  The 
applicable  formula  is  similar  to  Eq. 
2  with  the  feedback  voltage  substi¬ 
tuted  for  V..,  and  the  number  of 
turns  on  L,  and  L,  for  A’..,. 

Design  now  continues  as  in  stand- 
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ard  transformer  practice.  Appro¬ 
priate  wire  sizes  are  picked  and 
the  fit  of  the  windings  checked.  It 
is  important  to  employ  a  winding 
sequence  that  will  result  in  close 
coupling  between  L,  and  L...  Close 
coupling  minimizes  ringing  caused 
by  interprimary  leakage  reactance. 

Regulation  and  internal  heating 
are  affected  by  the  same  factors 
that  apply  in  standard  transformer 
design.  However  the  converter  is 
one  device  that  cannot  be  damaged 
by  overload.  Overloading  causes  the 
oscillation  to  cease  and  not  resume 
until  the  overload  is  removed. 

Example 

As  an  example,  assume  a  1,000-cps 
symmetrical  converter  operating 
from  a  30-v  source  is  to  deliver  120 
V  to  a  resistive  load  of  200  ohms. 

Duration  of  each  pulse  is  half  the 
period  of  the  1,000-cps  wave  or  0.5 
millisec.  Using  the  timing  nomo¬ 
graph,  connect  £"  =  30  and  T  =  0.5 
with  a  straight  line.  Extend  the 
line  until  it  intersects  the  volt-sec 
axis. 

As  an  initial  core  selection,  try 
a  2-mil  Orthonol  core.  Magnetics 
Inc.,  type  50018-2A.  Cross-sectional 
area  for  this  core  is  0.257  sq  cm. 
Saturation  flux  density  is  14  kilo- 
gauss. 

Connect  A  =  0.257  and  B.  =  14 
with  a  straight  line  that  intersects 
the  flux  axis.  Connect  this  inter¬ 
section  with  that  previously  found 
on  the  volt-sec  axis.  This  results  in 
an  intersection  with  the  N  axis  at 
0.21.  Both  L,  and  of  Fig.  1, 
therefore,  should  have  210  turns. 

To  determine  the  number  of  turns 
for  La  for  an  output  of  60-v  peak 
(120  V  peak-to-peak),  use  the  volt¬ 
age  nomograph.  Connect  battery 
voltage  E  =  30  with  the  primary 


FIG.  3 — Simple  converter  circuit  using 
a  tingle  transistor 


turns,  Ni  =  210,  as  read  on  the  left 
scale.  Note  the  intersection  with 
the  volts-per-thousand-turns  axis. 
Connect  this  intersection  with  the 
peak  output  voltage  (60  v)  and  ex¬ 
tend  the  line  until  it  intersects  the 
turns  axis.  Read  the  value  of  Nt, 
the  number  of  output  turns,  from 
the  right  scale  as  460. 

The  fictitious  reflected  load  to 
each  transistor  is  0.85  X  (210/460)’ 
X  200  or  35.6  ohms.  Transistor  cur¬ 
rent  during  the  pulse  is  30/35.6  or 
0.845  amp.  Peak  transistor  current 
must  be  1.3  x  0.845  or  1.1  amp. 

Voltage  and  current  require¬ 
ments  may  be  met  by  the  type  H-7 
transistor.  As  determined  from 
the  transistor  output  character¬ 
istics,  a  base  voltage  of  0.7  v  is 
necessary  for  an  output  current  of 
1.1  amp. 

Bias  Windings 

Return  to  the  voltage  nomograph 
and  connect  the  70-v  point  with 
the  intersection  on  the  volts-per- 
thousand-turns  axis  found  previ¬ 
ously.  Extend  the  line  until  it  inter¬ 
sects  the  turns  axis.  The  value  540 
turns  is  read  from  the  right  scale. 
Since  0.7  v  rather  than  70  v  is 
required,  L,  and  L,  should  each  have 
5.4  or  say  6  turns. 

Wire  sizes  may  now  be  selected 
and  the  winding  fit  checked.  Table 
I  shows  the  wire  selection  and  re¬ 


quired  winding  area  for  the  coils. 

Window  area  of  the  type 
500 18-2 A  core  is  1.82  .sq  in.  but 
space  must  be  allowed  for  the  wind¬ 
ing-machine  shuttle.  The  RW  II 
toroidal-core  winding  machine  uses 
a  13/16-in.  diam  shuttle  for  num¬ 
ber  22  wire.  Shuttle  area  is  0.518 
.sq  in.  Utilizing  a  70-percent  space 
factor,  effective  window  area  is  0.7 
X  (1.82  -  0.518)  or  0.9114  sq  in. 
This  value  leaves  ample  room  for 
winding  and  insulation. 

Admittedly,  a  generous  amount  of 
hindsight  was  used  in  formulating 
this  example.  In  general,  a  few 
tries  are  necessary  before  a  .satis¬ 
factory  desigrn  is  achieved. 

Circuit  Variations 

Two  important  variations  of  the 
basic  circuit  are  shown  in  Figs.  2 
and  3.  In  the  circuit  of  Fig.  2,’ 
power  is  delivered  to  the  load  only 
when  the  power  transistor  Q,  con¬ 
ducts.  Transistor  Q,  resets  the  core 
by  driving  it  to  negative  saturation. 
During  reset,  the  induced  voltage 
in  the  output  winding  is  such  that 
the  diode  is  cut  off  and  no  power  is 
delivered  to  the  load.  Transi.st(»r 
Q,  may  be  a  low-power  unit.  It  need 
only  supply  the  core  saturation  cur¬ 
rent  and  any  current  required  by 
the  diode’s  finite  back  resistance. 

Figure  3  .shows  the  circuit  for 
a  single  transi.stor  converter."  Here, 
resetting  action  is  caused  by  the 
capacitor.  Again,  the  diode  i.solates 
the  load  during  the  re.set  interval 
and  power  is  delivered  to  the  load 
only  when  the  transi.stor  conducts. 
Value  of  the  capacitor  is  chosen 
experimently  to  provide  a  waveform 
with  any  degree  of  symmetry. 

It  has  been  a.ssumed  that  the  cir¬ 
cuits  under  discussion  are  self¬ 
starting.  At  room  temperature,  ger¬ 
manium  transistors  usually  have 
sufficient  leakage  current  to  start 
oscillation.  This  is  not  always  true, 
however,  and  auxiliary  starting  cir¬ 
cuits  may  be  required. 
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Table  I — Wire  Selection  and  Required  Winding  Area 


Coil 

Turns 

MMS  Current 

Wire  Size 
(\wg) 

Coil  Area 
(sq  in.) 

L, 

210 

123 

22 

0  17 

U 

210 

123 

•  22 

0  17 

U 

6 

15 

38 

0  (MK)1.56 

U 

6 

15 

38 

0.0001.56 

La 

160 

600 

22 

0.3.55 

Winding  area  required  0.6953  sq.  in. 
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Mixer  ia  consirucicd  as  a  separate  unit 
to  simpliiy  alignment  and  trouble  shoot¬ 
ing  in  the  Held 


Broad-band  ampliiier  deyeloped  ior  the 
400-  to  450-mc  band 


Broad-Band  Amplifier 
for  Radar  and  Scatter 


Low-noise  two-stajie  hroatl-hantl  amplifier  and  mixer  eovers  100  to  450  me 
and  ean  he  designed  for  200  to  300  me  or  TOO  tt)  800  me.  Amplifier  uses  tubes 
in  easeatled  groumletl-grid  cireuit.  Overall  power  gain  is  29  dh  with  noise 
figures  ranging  from  3.6  to  4.5  dh  at  hand  renter  and  4.5  to  5.5  tlb  at  edges 


By  J.  II.  PHILLIPS  unti  E.  MAXWELL, 

I.lncciln  {.alMirutnry.  MsHMirhUfK-tts  Institute  <>f  TtH'hno|i>Ky,  I.pxinKt(>n,  Mass. 


Design  of  UHF  ampliflers  and  give  srotai  flat-top  resp«*nse.  Where  fier  ia  expressed  by  the  equation 
mixers  can  become  critical  a  single-tuned  band-pass  character- 
owing  to  the  circuit  tolerances  in-  iatic  is  acceptable,  simpler  aingle- 
volved.  To  produce  circuits  that  tuned  circuits  may  be  used, 
are  inherently  low  in  noise  adds  Overall  power  gain  ia  29  db. 
even  more  of  a  design  burden.  The  With  one  group  of  16  tubes,  noise 
two-stage  broad-band  amplifler  and  flgures  ranging  from  3.6  db  to  4. .5 
mixer  design  described  here  shows  db  were  obtained  at  band  center  and 
one  way  to  design  low-noise  uhf  cir-  from  4.5  to  5.6  db  at  band  edges.  In 

cuits  using  the  6280  electron  tube,  obtaining  these  data,  the  input  cir- 

Circuit  construction  is  a  mix-  cuit  was  retuned  for  each  tube, 
ture  of  lumped  and  distributed  ele-  Without  individual  tuning,  the 
ments.  In  preferred  form,  the  noise  figure  might  be  degraded  as 
interstage  and  output  coupling  net-  much  as  0.5  db. 
works  are  double-tuned  circuits  that  Input  noise  of  an  n-stage  ampli- 


where  F  is  the  overall  noise  figure, 
Fn  is  the  nth  stage  noise  figure,  and 
W.  is  the  gain  of  the  first  n  stages. 

With  two  6280  stages,  at  least  27 
db  of  gain  may  be  realized  with  a 
50-mc  bandwidth,  and  consequently 
the  overall  noise  figure  depends 
little  on  the  mixer  noise  figure.  It 
is  desirable  to  pad  the  mixer  with 
from  3  to  10  db,  to  make  sure  that 
the  amplifier  output  Uwks  into  a 
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FIG.  1 — Input  network  used  to  deter¬ 
mine  optimum  source  impedance 


load  flat  with  respect  to  frequency. 
This  prevents  degradation  of  the 
overall  band-pass  characteristic  of 
the  receiver  because  of  improper 
mixer  impedance  at  any  point  in 
the  passband. 

The  design  of  the  input  network 
is  crucial  in  any  low-noise  uhf  am- 
plifler.  A  minimum  noise  figure  is 
obtained  only  when  the  source  im¬ 
pedance  is  optimum  and  this  op¬ 
timum  source  impedance  must  be 
preserved  throughout  the  entire 
band. 

Optimum  Source 

If  the  circuit  losses  and  the  tube 
cold  losses  are  assumed  to  be  zero, 
the  optimum  source  admittance  is* 


where  /3  is  a  constant  depending 
on  the  cathode  material  and  con¬ 
struction,  is  the  equivalent  noise 
resistance  of  the  tube,  and  G,  is  the 
transit-time  conductance  loading. 

The  noise  figure  (ratio)  obtained 
using  this  optimum  value  of  the 
source  conductance  is* 

^optimum  =  1  -|-  2  V^f,  Rrq 

The  factor  /3  is  generally  taken 
equal  to  5  for  oxide-coated  cath¬ 
odes*.  Quantity  G,  may  be  calcu- 


S 

- — ^ - __ 

1 

1 

1 

-1. 

'T'c 

1  ''JC 

1 

1 

_ 1 

FIG.  2 — Input  network  used  in  broad¬ 
band  omplUier 


lated  from  the  following  equation, 
derived  for  plane-parallel  geome¬ 
try*; 

f?,  4.iXlO*(«/X)*r  3.3/>  a  1 

“  r.  !-»-(»'.  r.)  J 

where  X  is  the  wavelength,  G„  is  the 
transconductance,  V,  equals  5.69 
X  10*  a‘'‘  J/'*,  a  is  the  grid-to-cath- 
ode  spacing,  b  is  the  grid-to-anode 
spacing,  V,  is  the  cathode  voltage, 
and  Jr  is  the  cathode  current  den¬ 
sity.  Quantity  G,  for  the  6280  tube 
is  calculated  to  be  0.915  x  10"*  mho. 
Using  this  value  at  425  me,  0.01 
mho  is  obtained  for  G.  and 

3  db  for  F 

Verification 

The  correctness  of  this  approach 
is  verified  by  simple  tests.  A  nar¬ 
row-band  amplifier  was  constructed 
using  the  input  circuit  of  Fig.  1, 
which  was  designed  to  transform  a 
source  impedance  of  50  ohms  up  to 
the  calculated  100  ohms.  With  this 
arrangement,  the  noise  figure  was 
in  excess  of  the  calculated  figure. 
The  network  transformation  ratio 
was  then  varied  systematically  un¬ 
til  the  minimum  noise  figure  was 
obtained  which  occurred  with  a 
transformed  source  impedance  of 
67  ohms.  The  noise  figure  was 


then  measured  as  4  db. 

This  noise  figure  is  in  rea.sonable 
agreement  with  the  calculation, 
since  circuit  losses  and  tube  cold 
losses  are  not  zero,  as  assumed,  and 
the  value  of  5  taken  for  /3  is  merely 
an  approximation.  With  .selected 
tubes,  noise  figures  as  low  a.®  3.6 
db  have  been  observed. 

The  input  circuit  of  Fig.  2  was 
used  for  the  broad-band  amplifiers. 
The  Q  of  this  network  is  low  and 
impedance  transfer  is  fairly  con¬ 
stant  across  the  band.  Capacitor 
C,  is  tuned  to  accommodate  various 
values  of  G,.  The  physical  construc¬ 
tion  is  shown  in  Fig.  3A. 

Interstage  and  Output  Networks 

The  interstage  and  output  net¬ 
works  may  be  regarded  as  double- 
tuned  band-pa.ss  circuits.  The 
physical  form  of  these  networks  ap¬ 
proximates  a  pair  of  coupled  tran.s- 
mission  lines.  Amplifier  construc¬ 
tion,  arrived  at  largely  by  an  em¬ 
pirical  process,  is  shown  in  Figs. 
3B,  3C  and  4. 

The  interstage  is  capacitively 
coupled  and  the  output  network  is 
inductively  coupled.  In  both  cases 
the  load  is  heavily  coupled  to  the 
plate  of  the  6280  tube  to  achieve 
the  required  50-mc  bandwidth.  As 
a  consequence,  the  output  imped¬ 
ance  of  the  amplifier  represents  a 
mismatch  of  about  three  or  four  to 
one  with  respect  to  the  50-ohm 
mixer  load.  This  property  must  l)e 
kept  in  mind  when  designing  the 
mixer. 

The  amplifier  has  a  center  gain 
of  29  db  and  a  bandwidth  .some¬ 
what  greater  than  50  me  between 


(A)  (B)  (C) 

FIG.  3 — Physical  construction  of  input  (A),  interstoqs  coupling  (B)  and  output  nstwork  (C) 
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OUTPUT  SMttLD  iHTERSTtef  SHIfLO 


FIG.  4 — Exploded  tI*w  oi  broad-band 
ampUHor  dorixod  •mplrlcally 


FIG.  S—  Rmpouso  carv*  oi  broad-band 
aniplUUr  tbowt  lUqhl  oxorcoupllnq 


the  3-db  points.  A  typical  plot  of 
the  Rain-bandwidth  characteristic 
is  shown  in  FiR.  5.  In  FiR.  6,  the 
noise  fiRiire  is  plotted  as  a  function 
of  frequency.  This  characteristic 
w’as  measured  with  a  low-noi.se  re¬ 
ceiver  folIowinR  the  amplifier. 
With  a  Rain  of  29  db,  the  noise  fiR- 
ure  of  the  mixer  that  follows  the 
amplifier  is  not  critical. 

FiRures  7  and  8  show  this  type 
of  amplifier  con.struction  schemati¬ 
cally. 


Mixer  Circuit 

To  simplify  both  aliRiiment  and 
trouble  sh(M)tinR,  the  mixer  was 
constructed  as  a  .separate  unit  with 
a  mtminal  !>0-ohm  input  and  op¬ 
erated  at  1-ma  crystal  current. 
Mixers  have  been  desiRned  to  work 
with  both  6()-mc  and  104-mc  inter¬ 


mediate-frequency  amplifiers. 

The  mixer  circuit  for  a  60-mc  i-f 
amplifier,  Riven  in  FiR.  9,  uses 
either  a  1N21E  or  1N25  crystal. 
The  local-o.scillator  is  terminated 
and  is  loosely  coupled  to  the  crystal 
by  a  resistive  L-pad.  The  siRnal 
input  is  tapped  on  the  inductance  at 
a  point  selected  to  Rive  an  approxi¬ 
mate  match. 

A  resistive  pad,  not  shown,  is 
used  in  front  of  the  mixer.  This 
pad  maintains  a  constant  load  im¬ 
pedance  and  avoids  irreRularities  in 
the  band-pass  characteristic  which 
miRht  otherwise  arise  because  of 
interactions  between  the  mis¬ 
matched  output  impedance  of  the 
amplifier  circuit  and  the  mixer. 

UsinR  a  1N21E  crystal,  as  much 
as  10  db  paddinR  will  not  seriously 
affect  the  overall  receiver  n«»i.se 
fiRure.  If  there  is  no  rejection  of 
imaRe  noise,  a  9-db  noise  fiRure  is 
obtained.  The  overall  noi.se  fiRure 
is  deteriorated  by  about  0.2  db, 
w’ith  10  db  paddinR,  but  this  results 
in  a  smooth  passband  and  provides 
additional  crystal  protection. 

Noise  Figure  Life 

Best  noise-fiRure  life  is  obtained 
with  6280  tubes  if  no  cathode  cur¬ 
rent  is  drawn  durinR  the  warmup 
process.  Accord inRly  the  power  sup¬ 
ply  is  desiRned  such  that  the  tul>e  is 
initially  cut  off.  Bias  is  removed 
after  the  heater  power  has  l)een 
applied  for  about  one  minute. 
When  the  power  is  turned  off,  cut¬ 
off  bias  is  applied  aRain  until  the 
tube  has  cooled,  and  then  both  the 
bias  and  the  plate  voltaRe  are  re¬ 
moved. 

Becau.se  of  the  uncertainty  of 
diode  noi.se  .sources,  a  Ras  di.scharye 
device  is  u.sed  to  make  noise  meas¬ 
urements  in  this  frequency  ranRe*. 
The  noise  Renerated  in  an  arRon 


FREQUENCY  IN  MC 

FIG.  6 — AmpUilar  noU«  iiqur*  plotlod 
aqalnal  iroquancy 


FIG.  7— Siaqla-lunad  low-noixa  amplliiar 
•charaotic 


FIG.  8 — Doubla-tunad  low-noisa  ampli- 
ilar  achamatic 


L,  •  9  ISM  TURNS  NO.  14  NIRS 
If  •  II  TURNS  NO  20  aiRC  ON  CORCLCSS  O.TSIH. 
TORa.dNTfR  TRRRfO 
•  Slur  RIS0N4NT  CHORE  RT  tO  NC 


FIG.  9~Mixar  circuit  ior  a  60-nic  i-f  am- 
pliiiar  uaad  in  many  radara 


discharRe  is  coupled  to  the  output 
by  a  matched  helical  windinR. 
These  noise  Renerators  are  cali¬ 
brated  by  comparing  their  outputs 
aRainst  a  calibrated  hot  source. 
Accuracy  to  measurements  is  esti¬ 
mated  to  be  0.2  db. 
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FIG.  I — Major  circuits  of  tho  transmlllor 


Entiro  bandwidth-Borlnq  sTStom  is  rack-mounlod  as  shown 


Stop-Go  Scanning  Saves 


tions  of  their  boundaries.  For  this  this  speed.  In  the  system  de.scribed, 
reason,  it  is  permissible  to  scan  velocity  chosen  was  about  10  times 
rapidly  in  uniform  areas  and  .slowly  greater  than  that  which  the  partic- 
in  the  vicinity  of  transition.s.  In  a  ular  channel  could  have  handli^ 
stop-go  system,  the  slow  speed  is  with  conventional  scanning, 
zero;  that  is,  the  scanning  is  halted 

at  transitions.  The  fast  rate  is  ysfem  pera  ion 

chosen  on  the  basis  of  available  sig-  System  operation  is  as  follows: 
nal-to-noise  ratio  since  system  vul-  A  scanning  spot  travels  at  its  fast 
nerability  to  noi.se  is  a  function  of  uniform  rate  until  a  boundary  is  en- 


Most  information  S0IJRCF.S  oc¬ 
cupy  more  bandwidth  than  is 
represented  by  their  true  informa¬ 
tion  rate  or  average  number  of  bits 
of  information  produced  each 
second.  According  to  the  Shannon- 
Hartley  Law',  the  information  ca¬ 
pacity  cf  a  channel  is  fixed  if  band¬ 
width  and  signal-to-noise  ratio  do 
not  vary  with  time.  A  coding  .sys¬ 
tem  can  make  it  possible  for  the 
output  of  a  source  to  represent  a 
more  uniform  rate  of  information 
flow  and  use  the  fixed  information 
capacity  of  the  channel  more  fully. 

In  the  case  of  image  transmis- 
.sion,  storage  already  exists  in  the 
space  domain  and  useful  statistical 
coding  can  be  carried  out  by  non- 
uniform  scanning  velocity.  In  the 
type  of  application  in  which  the 
time  consumed  in  transmitting  an 
image  is  not  restricted  except  that 
for  any  given  image  it  is  a  mini¬ 
mum,  a  nonuniform  scanning  tech¬ 
nique  is  applicable. 

In  the  system  to  be  described,  a 
nonuniform  scanning  .sy.stem  suit¬ 
able  for  facsimile-type  transmission 
is  used  where  fram?  rate  need  not 
be  constant.  Only  black  and  white 
brightness  levels  are  considered. 
Line-raster  scanning  is  used. 

Picture  areas  of  uniform  black 
or  white  contain  no  information  ex¬ 
cept  that  represented  by  the  loca- 
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For  faosimile-type  transmission,  where  graduations  between  hlaek  and  white 
are  not  vital,  spectrum  utilization  can  he  inerease<l  hy  use  of  stop-go  scan¬ 
ning.  Si'anning  is  halted  at  transitions  from  black  to  white  and  white  to 
black.  Scanning  velocity  for  nontransition  portions  is  determined  hy  avail¬ 
able  signal-to-noise  ratio  of  the  transmission  channel 

By  HAROLD  E.  HAYNES, 

Development  Knititieer,  Induetrlal  Kleotronic  Productn, 

and  DONAl.D  T.  H<H;ER, 

Development  En*lneer,  Defense  Electronic  Products,  Radio  Corp.  of  America,  Camden,  N.  J. 


Spectrum  Space 


countered.  It  then  stops  within  a 
distance  which  is  a  small  fraction 
of  its  own  diameter.  The  spot  re¬ 
mains  stopped  for  a  preci.sely  con¬ 
trolled  time  interval.  The  interval 
is  such  that  the  response  of  the 
channel  to  a  step  function  will  reach 
substantially  .steady-state  within 
the  interval.  The  exact  relationship 
depends  on  the  cutoff  characteristic 
of  the  channel.  With  the  simulated 
channel  u.sed,  a  sinirle  T-section  low- 
pass  filter,  a  value  of  0.8//,  for  the 
stop  interval  was  found  suitable 
where  /,  is  the  three-db  point.  At 
the  end  of  the  interval,  the  spot  just 
as  abruptly  resumes  its  fixed  scan¬ 
ning  speed  and  proceeds  to  the  next 
transition.  The  process  is  repeated. 

Basic  waveform  transmitted  is 
a  aeries  of  step  functions  of  alter¬ 
nating  directions,  each  associated 
with  the  beginning  of  a  atop  inter¬ 
val.  At  the  receiver,  the  slop  inter¬ 
val  is  initiated  by  the  received  sig¬ 
nal.  It  is  terminated  by  a  timing 
circuit  in  the  receiver  preci.sely  ad¬ 
justed  to  duplicate  the  atop  interval 
of  the  transmitter.  With  this  sys¬ 
tem,  terminations  of  the  stop  inter¬ 
vals  are  not  transmitted.  This 
leaves  a  minimum  time  .spacing  of 
transmitteil  steps.  The  spacing  is 
always  greater  than  the  stop  inter¬ 
val  itself,  regardless  of  the  close- 
ne.ss  of  transitions  to  each  other  in 


Eiicet  oi  random  aoiso  upon  tranamU- 
bWmi  o(  a  aImpU  Imaqa.  From  lop  to 
bottom,  two  atqnal-lo-nolao  ratloa  of  10 
db  and  20  db  aro  dopiclod  aa  woll  aa 
aaaontlallT  nolao-iroo  oporatlon 

the  image.  The  channel  is  never 
called  upon  to  handle  information 
faster  than  its  capabilities. 

Transmitter 

Figure  1  shows  the  transmitter 
deflection  and  video  generator  cir¬ 
cuit  arrangement.  The  scanner 
could  have  been  any  type  that  lent 
itself  to  having  the  scanning  proc¬ 
ess  halted  whenever  a  transition  in 
the  scanned  material  is  encoun¬ 
tered.  Actually,  a  simple  flying-spot 


ModalUon  aa  it  appoara  whoa  Iho  Uao- 
acopo  boom  la  modulatod  with  typo  of 
alqaal  ahowa  ia  Flq  8D  (top).  At  bottom, 
modalUoa  appoara  aa  ahowa  whoa  ia- 
toaally  modulotioa  la  diacoaaoclod 

.scanner  for  transparencies  w’as  em¬ 
ployed.  Electrostatic  deflection  was 
used  in  the  scanner  as  well  as  the 
monitor.  In  later  work,  magnetic 
deflection  was  used  successfully. 

The  signal  derived  from  the  .scan¬ 
ner  appears  at  point  A,  Fig,  2.  It 
is  amplified  and  shaped  to  operate 
a  trigger  circuit,  V„  which  recon¬ 
structs  the  video  signal  into  two 
waveforms  which  are  pul.se  trains 
of  opposite  polarities  (points  I  and 
J).  The  trigger  output  al.so  acti- 
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FIG.  3 — Time-interval-qenerator  circuits  ior  the  transmitter 


vates  the  identical  one-shot  multi-  one  stable  to  the  other  it  does  not  avoid  burning  of  the  phosphor.  The 
vibrator  time-interval  generators  return  until  a  pulse  of  minimum  input  signal  to  the  video  circuits  is 
of  Fig.  3,  which  function  at  alter-  tran.smittable  duration  has  been  clamped  to  black  artificially  through 
nate  transitions  to  stop  the  hori-  generated.  diode  V,*  (Fig.  2)  so  that  noise  and 

zontal  deflection.  Length  of  the  Timing  generators  supply  signals  .spurious  signals  generated  during 
time  interval  is  specified  by  the  through  diode  V,  in  Fig.  2  that  ac-  retrace  cannot  operate  the  timing 
characteristics  of  the  transmission  tivate  clamp  circuits  which  produce  generators. 

channel  as  explained  previously.  synthetic  inputs  to  the  trigger.  In  Horizontal  deflection  is  produced 
Noise  and  spurious  signals  in  the  effect,  this  mechanism  is  a  regen-  by  a  sawtooth  generator  consisting 
video  waveform  that  rise  above  the  erative  circuit.  It  operates  rapidly  of  a  simple  R-C  circuit — R„  K„  and 
trigger  threshold  would  be  capable  as  soon  as  the  trigger  changes  state  C,  in  Fig.  4.  The  gate  made  up  of 
of  activating  the  transmitter  scan-  and  continues  to  supply  a  constant  V„  and  V„a  interrupts  the  gencr- 
ning  circuits.  This  action  would  trigger  input  so  that  input  is  main-  ator  whenever  a  transition  is  en- 
create  pulses  too  narrow  to  be  tained  for  the  minimum  duration,  countered.  When  the  sawUH)th  volt- 
transmitted  and  would  cause  the  re-  To  prevent  signals  generated  age  reaches  a  predetermined  value, 
ceiver  to  lose  synchronism  with  the  during  flyback  from  operating  the  representing  the  end  of  a  .scanning 
transmitter  until  the  next  hori-  timing  circuits,  the  scanning  beam  line,  it  is  returned  rapidly  to  its 
zontal  sync  pulse  occurred.  For  this  is  switched  off  by  Vs,  Fig.  2,  during  zero  value.  Amplitude  is  sensed  by 
reason,  it  is  necessary  to  insure  that  this  interval.  The  beam  is  blanked  V.  which  also  generates  a  pulse  at 
once  trigger  V,  (Fig.  2)  goes  from  also  during  all  stop  intervals  to  point  F  to  produce  horizontal  lly- 


FIG.  4 — Horizontal  deiloction  and  sync  circuit!  of  th*  tranzmittor 
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FIG.  6 — D«il«ction  and  Tid*o-q«n«ra<or 

back  and  .synchronizinR  informa-  Capacitor  C,  is  chartred  from  a  circuiu  oi  ih*  recsiver 
tion  for  the  receiver.  low-impedance  source  through  V'a*. 

Operation  of  the  circuit  consist-  When  the  charpre  reaches  a  fixed 
inK  of  I’,.,  and  as.sociated  com-  value,  V’,  triggers  and  the  potential  original  .state  of  conduction, 
ponents  in  F'ig.  4  is  as  follows,  at  the  plate  of  is  removed  by  Pulses  at  K,  Fig.  4,  serve  to  op- 
Schmitt  trigger  circuit  P,  is  de-  application  of  the  trigger  signal  crate  the  stairstep  generator  for 
signed  to  trigger  when  the  input  through  V’„»  and  V,;,.  Capacitor  C,  vertical  deflection.  Fig.  5.  Since 
signal  reaches  a  fixed  potential.  It  is  left  to  discharge  slowly  through  horizontal  scanning  time  is  a  func- 
does  not  return  to  its  original  state  /f,.  When  the  potential  across  C,  tion  of  the  numl)er  of  transitions 
until  a  fixed  duration  after  the  in-  reaches  the  triggering  level  of  V  .  contained  in  a  line,  it  is  n<»t  neecs- 
put  signal  has  been  removed.  the  trigger  circuit  returns  to  its  .sarily  con.stant.  The  vertical  svn- 


ELECTRONICS  engineering  issue  —  September  26,  1958  87 


L_ 


Sample  of  reproduced  copy  a*  thown 
on  display  screen 


chronizing  {generator.  Fig.  5,  oper¬ 
ates  in  the  same  manner  as  the  hor¬ 
izontal  .sync  generator. 

Horizontal  and  vertical  sync 
pulses  are  added  to  the  video  and 
timing  information  to  form  a  com¬ 
posite  waveform.  The  signal  can 
then  be  sent  over  the  transmission 
channel  if  d-c  transmission  is  avail¬ 
able  or  used  to  modulate  a  carrier 
if  it  is  not. 

Receiver 

In  Fig,  6,  the  received  video  sig¬ 
nal  is  sent  into  a  Schmitt  trigger 
circuit  to  reshape  the  band-limited 
signal.  This  circuit  also  limits  the 
effects  of  noise  so  that  positive  op¬ 
eration  of  the  timing  generator 
may  be  accomplished. 

Negative  sync  signals  are  coupled 
through  diode  Vm  of  Fi?.  7  to  the 
Schmitt  trigger,  V...  This  circuit 
ignores  the  positive  video  signals 
and  reshapes  the  horizontal  and 
vertical  sync  pulses  for  use  in  the 
receiver.  Vertical  sync  pulses, 
which  are  more  than  10  times  the 
duration  of  the  horizontal  sync 
pulses,  are  separated  by  filtering 
at  the  plate  of  V^a. 

Operation  of  the  receiver  hori¬ 
zontal  deflection  system  is  identical 
to  that  of  the  transmitter  except 
that  termination  of  scan  at  the  re¬ 
ceiver  is  determined  by  the  .sync 
pulses  sent  out  by  the  transmitter. 
Horizontal  sync  pulses  serve  also  to 
operate  the  vertical  stairstep  gen¬ 
erator.  Vertical  sync  is  derived 
from  the  received  w'aveform. 

Output  of  the  trigger  contains 
timing  as  well  as  video  information. 
To  intensity-modulate  the  display 
device,  video  must  be  extracted 
from  the  signal.  This  action  is  ac¬ 
complished  by  subtracting  the  out¬ 
put  of  the  time-interval  generators 
from  the  composite  waveform  with 
the  Rossi  gate  and  of  F'ig.  7. 
A  signal  at  the  input  of  Vu,  indi¬ 


cating  white,  keeps  V„a  cut  off  and 
holds  Vs4  in  conduction.  Negative 
voltage  appearing  at  the  plates  of 
V,  is  sufficient  to  cut  off  the  di.splay 
device.  When  the  signal  at  V,,  in¬ 
dicates  black,  the  plates  at  V,  will 
rise  to  turn  on  the  monitor  video 
(provided  no  signal  indicating  that 
deflection  is  halted  appears  at  point 
A).  If  a  signal  appears  at  point  A, 
then  conduction  of  ,  will  keep  the 
common  plates  of  V’,  at  a  low  poten¬ 
tial  to  keep  the  video  signal  cut  off. 

Accuracy 

.Accuracy  w’ith  which  an  image 
may  be  reproduced  by  the  system 
dep«,*nds  upon  .several  factors.  If 
the  system  transmits  the  funda¬ 
mental  components  of  the  signal 


FIG.  8 — Some  Important  wareiormi  in 
syetem  are  shown  here 


undistorted  and  has  a  suitable  sig- 
nal-to-noi.se  ratio,  reproduction  de¬ 
pends  upon  the  combined  re.solution 
of  the  pickup  and  display  devices 
and  the  electrical  circuits  in  the 
transmitter  and  receiver. 

The  moat  critical  circuits  are  the 
time-interval  generators.  If  the 
transmitter  and  rec-eiver  stop  times 
are  not  identical,  there  will  be  an 
error  in  placement  for  each  transi¬ 
tion  of  the  receiver.  Magnitude  of 
this  error  is  a  function  IxAh  of  the 
error  in  timing  and  the  velocity  of 
scanning.  Errors  for  a  given  line 
are  cumulative  for  that  line  but  are 
erased  when  the  horizontal  sync 
pulse  is  received.  In  practice,  it 
was  found  desirable  to  use  two  tim¬ 
ing  operations  at  the  transmitter 


and  two  at  the  receiver.  This  re¬ 
sulted  from  the  particular  circuits 
iKsed.  It  .stemmed  from  the  fact  that 
the  circuits  did  not  have  sufficiently 
fast  recf)very  time  to  generate  the 
time  intervals  for  two  closely  spaced 
transitions.  Actually,  from  the 
.standpoint  of  maintaining  identical 
time  intervals  at  both  transmitter 
and  receiver,  it  would  be  prefer¬ 
able  to  use  only  one  generator  in 
each  place. 

Figure  8B  shows  a  typical  hori¬ 
zontal  scanning  line  deflection 
waveform  for  the  single  black  bar 
on  a  white  background  .shown  in 
Fig.  8A.  Sloping  portions  of  the 
waveform  represent  the  times  when 
the  scanner  is  scanning  rapidly 
while  seeking  a  transition.  Flat 
sections  correspond  to  the  stop  in¬ 
tervals  at  the  transitions. 

The  waveform  of  Fig.  8C  depicts 
the  type  of  signal  that  is  derived 
from  the  trigger  circuits  for  trans- 
mi.ssion.  The  first  positive  step  in¬ 
dicates  that  a  transition  from  white 
to  black  has  been  sensed.  T^ength 
of  the  pulse  is  equal  to  the  stop  time 
plus  the  time  required  to  scan  to 
the  next  transition.  Zero  level  in¬ 
dicates  that  the  scanner  is  katking 
at  white  areas  in  the  copy.  The 
negative  pulse  is  the  horizontal  sync 
pulse  indicating  the  end  of  the 
scanning  line. 

After  the  sync  has  been  separated 
from  the  video  waveform,  the  stop 
interval  must  be  subtracted  from 
the  signal  to  give  the  waveform  of 
Fig.  8D.  This  waveform  is  used  to 
key  the  w-riting  operation  of  the 
display  device. 

Results 

In  operation  with  a  simulated 
narrow-band  transmission  channel 
( values  of  1  to  3  kc  were  used),  the 
system  has  demonstrated  time  re¬ 
ductions  approaching  10  to  1  for 
simple  images.  This  figure  de¬ 
creases  to  about  three  to  one  for 
highly  detailed  images  such  as 
printed  matter  or  a  moderately 
complex  map.  The  time  ratio  can¬ 
not  exceed  the  ratio  of  the  fast 
.scan  speed  to  that  constant  scan 
speed  which  would  be  suitable  for 
the  bandwidth  involved. 

Rf-ferknce 

(1)  C.  E.  Shannon.  A  Mathcniallral 
Theory  of  IToniniunlcatlon,  USTJ,  .Inly 
and  .\iiK.  1!I4S. 
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RADIO  HORIZON  IN  NAUTICAL  MILES 
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Radio  System  Calculator 

When  lran}<mitter  |Mmer.  antenna  <:ain»).  handuidth.  noise  fijrure,  fretiiieney 
or  wavelen«:th.  and  distanee  between  transmitter  and  receiver  are  known. 
noino<!ra|di  <|iiickly  lo<*ates  field  streiijith.  receiver  spatial  sensitivity,  re- 
E’eiver  system  sensitivity  and  si^snabto-noise  ratio 

By  J.  J.  IXM;  \N  Senliir  KiikIiioit,  Eli-ctronlcH  Riidlatlon  Lalioratory,  Temco  Aircraft  Corp.,  Pallan.  Texas 


Analysis  of  radio  comtnum- 
,  cation  systems  usually  in¬ 
volves  an  expression  of  the  sys¬ 
tem  characteristics  in  the  beacon 
equation 


where  P,  is  power  delivered  to 
the  receiver,  P',  is  the  effective 
radiated  power,  d  is  the  distance 
between  transmitter  and  receiver 
and  A,  is  the  effective  aperture 
of  the  receiving  antenna.  The 


beacon  equation  can  be  rewritten 
to  express  system  characteristics 
in  other  units.  For  example,  effec¬ 
tive  radiated  power  P',  in  any 
given  direction  is  the  product  of 
the  actual  radiated  power  P,  and 
the  relative  antenna  gain  G,  in 
that  direction. 

Because  signal-to-noi.se  ratio 
S'N  is  frequently  more  useful 
than  the  absolute  value  of  the  re¬ 
ceived  signal,  receiver  character¬ 
istics  can  be  brought  into  the 
beacon  equation  through  the  re¬ 


lation  S/N  =  Pr/P.  =  Pr/FKTB. 
Receiver  .sensitivity  P,  is  the 
product  of  the  noise  figure  F,  the 
receiver  noise  bandwidth  B  and 
Boltzmann’s  constant  times  the 
absolute  temperature  in  deg  Kel¬ 
vin,  KT.  Similarly,  the  antenna 
characteristics  can  also  be  incor¬ 
porated  into  the  formula  since 
Ar  —  G,xV4ir  where  G,  is  the  an¬ 
tenna  gain  relative  to  an  iso¬ 
tropic  source  and  X  is  the  wave¬ 
length  in  the  problem. 

(conUnuwd  on  poqw  90) 
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Radio  System  Calculator 

1 

When  these  relationships  are 
substituted  into  Eq.  1,  the  re¬ 
arranged  beacon  equation 

A  -  ('’r 

N  FKTH  {Aird)* 

is  the  basis  of  the  accompanying 
nomograph.  Scales  of  effective 
radiated  power  {P',  =  P,G,)  and 
receiver  sensitivity  {P.  = 

FKTB)  are  placed  to  permit  en¬ 
tering  the  nomograph  at  these 
respective  points,  thus  bypassing 
some  of  the  calculations. 

Intermediate  relationships 
that  are  expressed  on  the  nomo¬ 
graph  include  field  strength,  re¬ 
ceiving  system  sensitivity  and 
receiver  spatial  sensitivity.  For 
a  perfect  isotropic  antenna,  the 
field  intensity  is  found  by  di¬ 
viding  the  transmitted  power  by 
the  surface  area  of  an  imaginary 
sphere,  And*.  An  appropriate  fac¬ 
tor,  the  antenna  gain,  must  be 
applied  when  a  nonisotropic 
radiator  is  used. 

Receiving  -  system  sensitivity 
can  be  found  by  dividing  field 
strength  P',/AitfP  by  the  S/N 
ratio.  When  the  receiving-system 
sensitivity  is  multiplied  by  the 
receiving  antenna  gain  G„  re¬ 
ceiver  .spatial  sensitivity  is  ob¬ 
tained. 

Directions 

If  the  chart  is  entered  on  the 
left  for  a  specific  receiver  band¬ 
width,  an  extension  of  the  iso- 
pleth  connecting  this  point  and 
the  receiver  noise-figure  scale  in¬ 
tersects  the  receiver  sensitivity 
or  equivalent  receiver  noise  input 
scale.  This  .scale  is  expressed  in 
absolute  power,  in  dbm,  and  as 
the  equivalent  voltage  across  50 
ohms.  The  receiver  sensitivity 
reflected  through  the  correct  fre¬ 
quency  or  wavelength  scale 
locates  the  spatial  sensitivity  of 
the  receiver  in  watts/meter*  or 
^v/meter.  Another  isopleth  be¬ 
tween  the  receiver  spatial  sensi¬ 
tivity  and  the  receiving  antenna 
gain  Gr  picks  off  the  receiving- 

I  system  sensitivity  in  either 
watts/meter*  or  /iv/meter.  Field 
strength  needed  at  the  receiving 


(continued  from  page 

site  to  assure  desired  communi¬ 
cations  is  found  by  reflecting  the 
receiving-system  sensitivity  from 
the  desired  signal-to-noise  ratio. 

An  extension  of  a  line  connect¬ 
ing  the  field  strength  with  the 
distance  between  the  transmit¬ 
ting  site  and  receiving  site  gives 
the  effective  radiated  power  of 
the  transmitting  site  measured 
in  the  direction  of  the  receiver. 

Finally,  the  required  trans¬ 
mitter  power  may  be  obtained  by 
extending  a  line  drawn  from  the 
effective  radiated  power  to  the 
transmitter  antenna  gain  in  the 
direction  of  the  receiver. 

Examples 

Consider  a  ground-air  com¬ 
munication  link.  The  ground  end 
is  already  installed  and  consi.sts 
of  a  300-mc  transmitter  deliver¬ 
ing  100  w  to  an  antenna  with 
3-db  gain.  Performance  of  an 
available  receiver  must  be  known 
before  installation.  If  the  re¬ 
ceiver  sensitivity  is  —  107dbm, 
what  S/N  can  be  expected  when 
it  operates  in  an  aircraft  50 
nautical  miles  from  the  trans¬ 
mitter?  The  aircraft  antenna 
may  be  assumed  to  have  a  3-db 
gain. 

An  isopleth  drawn  through 
—  107-dbm  .sensitivity  and  the 
300-mc  point  locates  receiver 
spatial  sensitivity  of  4  x  10'“ 
watts/meter*  or  approximately 
10/iv/meter.  This  value  reflected 
through  the  3-db  point  on  the 
antenna-gain  .scale  pinpoints  the 
receiving-sy.stem  sensitivity  at 

2  X  10‘'*  watts/meter*. 

Effective  radiated  power  of 

200w  is  found  by  connecting  the 
100-w  transmitter  power  and  the 
3-db  antenna  gain  points.  At  50 
nautical  miles,  this  power  results 
in  a  theoretical  line-of-sight 
field  strength  of  approximately 

3  X  10'*.  The  inter.section  of  an 
isopleth  between  the  field 
.strength  and  the  receiver  .sensi¬ 
tivity  previously  determined  oc¬ 
curs  at  a  signal-to-noise  ratio  of 
42  db.  Although  some  fading 
effects  might  be  expected,  aver¬ 
age  S/N  should  be  approximately 
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42  db.  Since  50  miles  is  the  max¬ 
imum  range  anticipated,  the  re¬ 
ceiver  should  be  adequate.  Note 
that  the  results  would  have  been 
the  same  if  the  receiver  charac¬ 
teristics  at  300  me  had  been 
given  as  150-kc  noise  bandwidth 
and  15-db  noise  figure. 

As  a  second  example,  assume  a 
1,000-mc  television  receiver  has  a 
5-mc  bandwidth  and  a  noise  fig¬ 
ure  of  20  db.  With  0-db  antenna 
gain,  what  dynamic  range  must 
be  built  into  the  receiver  age- 
system  so  that  saturation  does 
not  occur  for  a  field  strength  less 
than  2  v/m. 

The  receiver-sy.stem  sensitivity 
of  approximately  300  fiv/meter 
differs  from  the  maximum  of 
two  v/meter  by  77  db.  Hence,  the 
receiver  must  have  a  built-in  dy¬ 
namic  range  of  at  least  77  db  to 
meet  the  requirements  of  the 
problem. 

For  most  accurate  results,  the 
effects  of  transmi.ssion-line  losses 
and  degradation  of  sensitivity 
from  equipment  ageing,  should 
be  accounted  for  in  the  antenna 
and  receiver  noise  figure  respec¬ 
tively.  Alternately  they  may  be 
simply  applied  to  S/N.  If  the 
intermediate  scales  are  to  retain 
their  value  the.se  los.ses  should 
not  be  indiscriminately  lumped 
in  S/N. 

Cautions 

When  short  di.stances  are  con¬ 
sidered,  the  requirements  for 
line-of-sight  conditions  between 
the  transmitting  and  receiving 
antennas  should  not  be  over- 
l(M)ked.  With  a  smooth  earth  and 
no  intervening  structures,  two 
mobile  .stations  with  roof- 
mounted  whip  antennas  can  see 
each  other  for  five  or  more  miles. 
However,  to  communicate  from 
one  of  these  mobiles  to  a  base  25 
miles  away  requires  a  base  an¬ 
tenna  mounted  appn)ximately 
300  ft  above  the  surface  of  the 
earth.  Thus,  if  there  is  any 
doubt  concerning  the  proposed 
system  the  line-of-sight  scale  at 
the  bottom  of  the  nomograph 
should  be  checked. 
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During  World  War  IL  Eastom  IndustriM  pio« 
noOTod  cooling  systoms  ior  aircrcdl  otoctrooic 
•ystomo.  Now.  thousands  ol  instoUatioas  later, 
and  os  ths  teador  in  this  cfaallsoging  fiold. 
Eastern  is  stiU  pionooring. 

Expsrionce  has  bson  a  springboard  te  now  do* 
volopcnonts  .  .  .  compactnoss.  simplificotiaa.  to* 
irigoration  cydos.  Rssoorch  and  doTolopmsot 
cootinuo  to  play  thoir  vitid  ports  in  portecting 
systoms  to  OTorcomo  tbo  now  probloino  as  ox* 
pondod  aircrolt  poriormanco  produoso  fantastic 
risos  in  temporaturos. 

If  you  hoTo  a  choUonging  problom.  oomo  to  tho 
loador  in  tho  hold  iot  complote  and  croatfro 
sngiirooring  holp. 


■LACntONIC  TUBS  COOI.INO  UNITS 

Custom-nxido  units,  with  or  without  rofrigoration 
cydos.  proTido  a  mothod  of  maintaining  sate 
oporating  tomporaturo  limits  in  oloctronic  oquip* 
mont.  Standard  sul>*assoinblios  and  compononts 
normally  oro  usod  to  crooto  a  custom*inado  do* 
sign  to  fit  yotur  oxad  noods.  Coots  oro  minimizod 
for  theso  complotoly  solf*coatamod  units  by  com* 
binmg  hoot  sxchangors.  ions  or  blowors.  Kquid 
pumps,  rosorroirs.  flow  switch,  thormostat  and 
othor  common  compononts. 
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ELECTRONS  AT  WORK 


Night  Vision  Unit  Uses  Starlight 


Troops  may  be  able  to  see  military 
objectives  at  night  with  a  new  type 
light  intensifier.  Extension  of  the 
range  and  sensitivity  of  astronom¬ 
ical  telescopes,  low  radiation  level 
X-rays  and  viewing  minute  light 
flashes  emitted  by  nuclear  particles 
are  other  expected  uses. 

Called  a  cascaded  photosensitive 
image  intensifier,  the  device  was 
developed  by  the  U.  S.  Army  Engi¬ 
neer  Research  and  Development 
Laboratories  and  RCA. 

The  new  development  differs 
from  other  night  vision  devices.  No 
artificial  sources  of  radiation  such 
as  radar  or  infrared  are  required. 
It  is  also  said  to  be  much  less  com¬ 
plex  than  low-level  light  intensifier 
tv  systems. 

This  unit  gathers  reflected  star¬ 
light  and  diffused  light  from  sky- 


glow  falling  on  the  objective.  The 
intensity  of  light  furnished  by  the 
stars  is  so  low  that  it  is  of  limited 
value  to  the  unaided  eye  in  seeing 
military  objectives  at  night.  With 
the  new  intensifier,  however,  it 
will  be  possible  to  see  objects  at 
greatly  increased  ranges. 

Heart  of  the  instrument  is  a  cas¬ 
caded  image  tube — actually  two 
tubes.  They  operate  through  an  op¬ 
tical  system  that  focuses  the  light 
reflected  from  objects  in  the  field. 
The  first  tube  acts  as  a  preampli¬ 
fier.  The  second  tube  further  ampli¬ 
fies  the  light  and  pre.sents  the 
image  on  a  viewing  surface. 

The  image  tube  operates  at  ap¬ 
proximately  25,000  volts.  A  six- 
volt  battery  is  the  primary  power 
source  with  transformers  and 
transistors  used  to  step  it  up. 


Transistor  Tester  Predicts  Failures 

By  J.  M.  TEWKSBl  RY  Hendix  Aviation  Corp.,  Baltimore,  Md. 


Transistor  failure  can  be  expen¬ 
sive,  time-consuming  and  irritat¬ 
ing.  Greater  knowledge  of  tran¬ 
sistor  characteristics  enables  the 
designer  to  select  a  transistor  for  a 
particular  application  with  more  as¬ 
surance  that  it  will  perform  satis¬ 
factorily. 

A  tester  is  described  that  pro¬ 
vides  audible  and  visual  indications 
of  variations  in  characteristics  of 
transistors  of  the  same  type.  Prior 
knowledge  of  the  circuit  in  which 
the  transistor  will  be  used  coupled 
with  information  gained  from  the 
tester  enable  the  designer  to  predict 
very  closely  the  voltage  at  which  a 
given  transistor  will  be  subject  to 
failure. 

In  typical  transistor  circuits,  the 
collector-ba.se  junction  is  reverse 
biased.  The  mobile  carriers  are 
swept  away  from  the  collector-base 
junction,  forming  a  depletion  re¬ 
gion.  The  ionized  impurity  atoms 
left  behind  are  locked  in  the  crystal 
lattice  and  are  therefore  immovable. 
As  collector  voltage  is  increased,  the 
depletion  region  extends  in  the 
direction  of  the  emitter-base  junc- 


cal  transi.stor  is  shown  in  Fig.  1. 
These  curves  show  that  circuits 
with  low  resistance  between  base 
and  emitter  have  a  negative-resist¬ 
ance  characteristic  that  becomes 
evident  near  the  initial  breakdown 
point.  This  characteristic  varies  in 
magnitude  among  transistors,  and 
some  transistors  do  not  have  it  un¬ 
der  any  circumstances.  I.*ek  of  the 
negative-resistance  effect  can  usu¬ 
ally  be  attributed  to  the  geometry 
of  the  particular  transistor. 


Bottom  t1*w  oi  broakdown  loitar  thewi 
how  oarphono  is  ussd  as  spsaksr 


tion.  When  it  reaches  the  junction, 
punch-through  occurs. 

A  plot  of  collector  current  versus 
collector-emitter  voltage  for  a  typi- 


FIG.  I-  -Collsctor  currsnt  Tsrsus  collsc- 
tor-smitisr  ▼oltoqs  show  nsqatiTs-rssist- 
ancs  charactsristic  whsn  rssistancs  b«- 
twssn  bass  and  smlttsr  Is  low 
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FIG.  2 — Nsqativs-rssislancs  charactsr- 
Istlcs  In  transistors  ussd  In  audio  output 
staqs  can  causs  oscillations  that  can 
dsstroy  ths  transistors 

A  class  B  power  output  stage  is 
shown  in  Fig.  2.  A.ssuming  a  power 
supply  potential  of  28  volts,  col¬ 
lector-emitter  potential  approaches 
56  volts  on  signal  peaks  liecause  of 
the  autotransformer  action  in  the 
output  transformer  primary. 

If  this  voltage  exceeds  punch- 
through,  large  reverse  currents 
flow,  impairing  efficiency.  Current 
flow  after  punch-through  is  limited 
by  the  resistance  of  the  asswiated 
circuitry,  and  in  many  circuits  there 
is  enough  built-in  resistance  to  pre¬ 
vent  transistor  damage.  However, 
if  the  transistor  has  a  negative- 
resistance  characteristic,  oscillation 
will  result,  and  the  attendant  high 
currents  will  destroy  the  transistor. 

Transistors  without  a  negative- 
resistance  characteristic  should 
therefore  be  selected  for  operation 
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^VOLTAGE  REGULATED 
POWER  SUPPLIES 


MODEL 


SC-16-0.5 


0-18 


0^.5 


SC-18-1 


0-18 


•Tmo  unit*  mounttd  in 
Kack  Adaptar  RA-2 


SC-18-2 


0-18 


SC-18-4 


0-18 


SC-38-0.S 


0-36 


04).5 


SC- 36-1 


0-36 


SC- 38-2 


0-36 


SC-3672-0.5 


36-72 


0-0.5 


,  SC-3872-1  I  36-72  I  0-1 


m  ■  Continuously  Variable  Output  Voltage.  No  voltage 
2  switching 

K  ■  Suitable  for  square  wave  pulsed  loading. 

«  ■  Either  positive  or  negative  can  be  grounded. 

M  ■  Units  can  be  senes  connected 
M  ■  High  efficiency  ■  Low  heat  dissipation. 

W  ■  Compact,  light  weight  ■  For  bench  or  rack  use. 

^  ■  Color:  Gray  hammertone.  (Special  finishes  available). 

^  ORDERING  INFORMATION: 

Units  without  meters  use  model  numbers  indicated  in 
table.  To  include  meters  add  M  to  the  Model  No.  (e.g. 
SC48-1-M). 

«  ‘Rack  adapter  for  mounting  any  two  SV*'  x  units  is 
available.  Model  No.  RA2  is  SV*"  high  19"  wide. 

^  ‘Rack  adapter  for  mounting  any  one  8V4"  x  4)fr  unit  is 
available.  Model  No.  RA3  is  SV*"  high  19"  wide. 

^  AN  0.01%  •■NIBS  IS  AVAII.ABLB  IN  13  NSW  MOOBI.B 
KCFCO  OFFERS  MORE  THAN  120  STANDARD  VOLTAGE  REGULATED 
ROWER  SUmiES  COVERING  A  WIDE  RANGE  OF  MAGNETIC.  TU8E 
AND  TRANSISTOR  TYRES.  MOST  MODELS  AVAlUiLE  FROM  STOCK. 
SEND  FOR  BROCHURE  B-5S7 


(TUBELESS) 

TRANSISTORIZED 


■  REMOTE  ERROR  SIGNAL  SENSING  is  provided  to 
maintain  stated  regulation  directly  at  load. 


■  OUTRUT  TERMINATIONS:  DC  terminals  are  clearly 
marked  on  the  front  panel.  All  terminals  are  isolated 
from  the  chassis.  Either  positive  or  negative  terminal 
of  each  DC  output  may  be  grounded.  A  terminal  is 
provided  for  connecting  to  the  chassis.  The  DC  termi 
nals.  the  remote  programming  terminals  and  the  re¬ 
mote  error  signal  sensing  terminals  are  brought  out 
at  the  rear  of  the  unit. 


SHORT  CIRCUIT  PROTECTED 


■  CONSTANT  CURRENT  ORCRATION:  These  units  can 
be  set  up  for  constant  current  operation  without  in¬ 
ternal  modification. 


■  ROWER  REQUIREMENTS:  lOS  125  volts.  50  65  cycles. 
400  cycle  units  available. 


■  CONTROLS:  Power  on-off  switch,  one  turn  voltage  con¬ 
trol.  on  front  panel.  Over  current  control  on  rear  of 
unit.  Ten  turn  voltage  control  available  on  special 
order. 


■  REMOTE  PROGRAMMING  at  1000  ohms  per  volt  is 
provided.  Remote  programming  allows  mounting  a 
voltage  control  at  a  remote  point. 


■  REOUUTION:  0  1%  for  line  changes  105-125  volts 
at  any  output  voltage  in  the  range  minimum  to  maxi¬ 
mum. 


0.1%  or  0003  volt  for  load  changes  0  to  maximum 
(whichever  is  greater)  at  any  output  voltage  in  the 
range  minimum  to  maximum. 


■  RIPPLE:  1  mv.  RMS 


■  RECOVERY  TIME:  50  microseconds 


■  8TA8ILITY:  (for  8  hours)  0.1%  or  0.003  volt  (which 
ever  IS  greater). 


'■  AMBIENT  OPERATING  TEMPERATURE:  50*C  maximum. 
Over  temperature  protection  provided.  Unit  turns  off 
when  over  temperature  occurs.  Power  on-off  switch 
on  front  panel  resets  unit. 


■  TEMPERATURE  COEFFICIENT:  Output  voltage  changes 
lest  than  0.05%  per  *C. 


■  SHORT  CIRCUIT  PROTECTION:  No  fuses,  circuit 
breakers  or  relays!  Designed  to  operate  continuously 
into  a  short  circuit.  Returns  instantly  to  operating 
voltage  when  overload  is  removed.  Ideal  for  lighting 
lamps  and  charging  capacitive  loads 


*■  OVER-CURRENT  CONTROL:  Can  be  set  from  0  to 
120%  of  full  load.  Current  is  limited  to  preset  value 
lor  any  load  including  short  circuit. 


KEPCO 
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TRANSISTOR- 

UNOCR 

TEST 


circuit  after  breakdown.  However, 
L,  and  C,  also  constitute  a  tuned  cir¬ 
cuit  that  is  resonant  at  an  audible 
frequency.  Transistors  with  a  pro¬ 
nounced  negative-resistance  charac¬ 
teristic  break  into  an  interrupted 
sine-wave  oscillation.  The  frequency 
of  interruption  is  a  function  of  the 
f?,-C,  time  constant.  Transistors  not 
highly  active  but  with  a  negative- 
resistance  characteristic  produce  a 
triangular  wave  with  a  frequency 
dependent  on  the  degree  of  activity. 

Transistors  that  do  not  oscillate 
produce  breakdown  noi.se  that  is 
random  in  nature  and  of  relatively 
low  intensity.  It  can  be  heard  in  the 
earphone  and  is  readily  identified 
on  an  oscilloscope. 

A  voltmeter  connected  between 
collector  and  ground  indicates 
punch-through  voltage  directly. 
Voltage  during  o.sciilation  is  an  in¬ 
dication  of  transistor  activity  and 
is  a  direct  measure  of  the  negative- 
resistance  characteristic. 


rUGHT  DATA  ond 
COMTROl 

engimeers 


OSCILLOSCOPE 

VERT 

CNO 


FIG.  3 — OacUlationa  are  heard  liom  ear¬ 
phone  when  collector  voltaqe  is  in¬ 
creased  to  breakdown  poM  U  transistor 
has  neqatiTS-resistance  characteristic 


/  Cross  neu>  frontiers  in  system 
j  eiectronics  at  The  Garrett  Corpo- 
/  ration. 

-I  High-leiel  assignments  in  the  de- 

/  sign  and  development  of  sy  stem  elec- 
I  tronics  are  available  for  engineers  in 
M  the  following  ^tecialties: 

j  1.  ELECTRONIC  AND  FLIGHT  DATA 
I  SYSTEMS  AND  CONTROLS  A  wide 
ff  choice  of  opportunities  exists  for 
f  creative  R  &  D  engineers  having 
f  specialized  experience  with  control 
I  devices  such  as :  transducers,  flight  data 
I  computers,  Mach  sensors,  servo-mech- 
I  anisms,  circuit  and  analog  computer 
[  designs  utilizing  transistors,  magamps 
and  vacuum  tubes. 

2.  SERVO-MECHANISMS  AND 
ELECTRO-MAGNETICS  Requires  engi¬ 
neers  with  experience  or  academic  train¬ 
ing  in  the  advanced  design,  development 
and  application  of  magamp  inductors  and 
transformers. 

3.  FLIGHT  INSTRUMENTS  AND  TRANS¬ 
DUCERS 

1 )  DESIGN  ANALYSIS  Requires  engineers 
capable  of  performance  analysis 
throughout  preliminary  design  with 
ability  to  prepare  and  coordinate  re¬ 
lated  proposals. 

1  2)  DEVELOPMENT  Requires  engineers 
t  skilled  with  the  analysis  and  synthesis 
I  of  dynamic  systems  including  design 
1  of  miniature  mechanisms  in  which  low 
1  friction  freedom  from  vibration 
I  effects  and  compensation  of  thermo 
I  expansion  are  important. 

\  4.PROPOSAL  AND  QUALTEST 
1  ENGINEER  For  specification 
1  review,  proposal  and  qualtest 
.  %  analysis  and  report  writing  assign- 

1  ments.  Three  years  electronic, 
%  electrical  or  mechanical  experi- 
%  ence  required. 

\  Forward  rasuma  to: 

Mr.  G.  D.  Gradloy 


at  voltages  close  to  punch-through. 
A  transistor  breakdown  tester  for 
selecting  such  transistors  is  shown 
in  Fig.  3. 

Collector  voltage  of  the  transistor 
under  test  is  increased  slowly  until 
the  pioint  of  breakdown  is  reached. 
If  the  transistor  has  a  negative- 
resistance  characteristic,  an  oscilla¬ 
tion  will  be  heard  in  the  earphones. 
An  oscilloscope  connected  to  the  col¬ 
lector  permits  analysis  of  the  type 
audio  voltage  present. 

Inductor  L,  limits  current  flow 
out  of  capacitor  C,  into  the  collector 


Rate-of-Rise  Control  for  Filaments 


By  JOHN  T.  KEEFE 

Sola  Electric  Co..  DIv.  of  Ba.«lc  Proclncts  Corp.,  Chicago,  Ill. 


Protection  of  cold  tube  filaments 
against  excessive  inrush  currents 
during  the  warm-up  period  is  neces¬ 
sary  for  maximum  tube  life  and 
equipment  reliability.  Ideally, 
initial  filament  current  and  power 
should  be  held  substantially  below 
rated  values. 

As  the  filaments  warm  and  their 
resistance  increases,  current  and 
power  should  be  gradually  increa.sed 
to  full  rating.  During  warm-up, 
protection  against  surges  caused  by 
line  voltage  changes  is  also  desir¬ 
able. 

A  simple  method  will  be  described 
for  using  special-type  constant-volt¬ 
age  transformers  for  both  con¬ 
trolled  warm-up  and  regulation 
against  line  changes.  The  basic  sys¬ 
tem  is  shown  in  the  block  diagram 
in  Fig.  l! 

Constant-voltage  transformers 
Tj  through  T,  are  identical.  They 
are  similar  to  standard  constant- 
voltage  transformers  except  that 
output  is  40  volts  a-c.  The  constant- 
voltage  transformers  are  connected 
with  the  primaries  in  parallel  but 


Consloot-voltag*  Ironaiormara  oad  ztop- 
pinq  Rwitch  or*  Inalallad  in  compular 
powar  lupply  to  IncraaM  Tub*  lU* 


with  individual  switch  contacts  for 
each  primary.  The  secondaries  are 
connected  in  series.  Since  total  out¬ 
put  is  240  volts,  a  .standard  240  to 
6.3  or  240  to  12.6-volt  filament 
transformer  is  required  to  provide 
the  correct  filament  voltage. 

All  primaries  are  initially  open. 
Contacts  in  the  motor-driven  step¬ 
ping  switch  energize  the  primaries 
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NEW  AiResearch  steering 
^  control  systemT 


Combmmm 

Accmimrmtion  Switching 
Vmivca  And  Hydraulic 

'*Prlntad  Circuit 

More  reliable  and  responsive  ...this 
lightweight  electro-hydraulic  steering 
control  system  converts  low-level  elec¬ 
tronic  signals  from  the  main  guidance 
system  into  hydraulic  energy  which 
actuates  the  mechanisms  steering  the 
missile. 

Packaged  as  an  integrated  unit,  the 
three  servo  valves  and  six  control  actu¬ 
ators  are  mounted  on  a  common  manifold 
and  powered  by  fluid  or  hot  gases.  The 
simplified  “printed  circuit”  system  of 
integral  passageways  within  the  mani¬ 
fold  eliminates  all  external  plumbing 


and  leakage. 


The  acceleration  switching  servo 


valves  provide  positive  control  of  spool 
velocity,  thereby  achieving  greater  reso¬ 
lution,  reliability  and  response  even  at 
extreme  temperatures. 

Easily  installed  and  removed  as  a  com¬ 
plete.  interchangeable  unit,  acceptance 
testing  of  this  compact  system  can  be 
accomplished  prior  to  missile  installa¬ 
tion.  Suggested  applications  are:  missile 
surface  controls,  jetavator  controls,  and 
vector  and  nozzle  steering  controls.  Your 
inquiries  are  invited. 


Spacificotions 

Actuator  load  (range)  90  to  150  in.  lbs. 

Electrical  input  (nomiiia/) . 28  volts 

DC — 10  Milliamperes 

Pressure  range . 500  to  3000  psi 

Rated  flow . H  (o  2  gpm 

Mounting . Manifold 

External  leakage . None 

Proof  Pressure . 4500  psi 

Burst  Pressure . 7500  psi 

Temperature  operating  range 

Fluid . ~6SFto45<rF 

Ambient . -65’F  to  750°F 

System  fltration . 10  microns 


i- 

n  :■  ^  il- 


CNCINCEWNS  SEHKSCNTATIWS:  MSSUffLY  AND  AEMO  ENCINECRINC.  OTFICCS  IN  MAJON  aUES 


GARRETT 


fliPesearch  Manufacturing  Divisions 

Los  Angeles  45,  California  •  Phoenix,  Ari^na 

Systems,  Packages  and  Components  for:  aircraft,  missile,  electronic,  nuclear  and  industrial  applications 
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ACHIEVES  A  NEW  STANDARD 
OF  ACCURACY  IN 

RF  Measurements  by  Comparison 


Modtl  601  SwMp  Fr*-  Modal  AV-50  Vorioblo  Medal  FD-30  High  Sgaad 

quancy  Ganorofar  ^395  Fracitian  Ananwotar  6|  50  Coaxial  Switch  *250 


Equipment  shown  provides  test  set  up  for  measurements  from  12  to  225 
mcs.  Other  equipment  available  from  15  kc  to  1200  mcs,  sweep  widths 
up  to  400  mcs. 

Measurements  Unaffected  By: 

1.  Variations  of  oscilloscope  gain  or  linearity 

2.  Variation  of  generator  output 

3.  Square  law  characteristics  of  detector 

4.  Delay  line  losses 


SEND  FOR  r 

TtCHNICAL  I 

NEWSUTTER  | 

Fully  illuttrcriad  —  datcribat  j 
Iasi  sal  ups  far  maosuring  I 
Gain,  Lassas,  and  VSWR.  | 


Jarrald  Elaciranics  Carparatian 
Dapt.  TED  24 

Gentlemen:  Please  send  me  Technical  Bulletin  on 
MBC  proceduras. 

Name _ Title 

Company 

Address _ 


ELECTHONICS  CORPORATION 

The  Jerrold  Building,  15lh  and  Lehigh 
Philadelphia  32,  Pa. 


JerraM  Elactraaics  Carp..  UB..  Taronta,  Canada  •  Export— Racka  hrtaraatlaaal.  New  Tark,  Haw  Vatk 


of  each  transformer  individually 
starting  with  T,.  Output  is  applied 
to  the  filament  transformer.  How¬ 
ever,  the  secondary  of  T,  is  also  in 
.series  with  the  secondaries  of  the 
remaining  transformers. 

Since  the  primaries  of  the  other 
transformers  are  open,  their  sec¬ 
ondaries  act  as  high  reactance 
chokes.  Total  impedance  is  so  high 
that  current  is  limited  to  approxi¬ 
mately  23  percent  of  full  load.  The 
40-volt  output  is  only  16  percent  of 
rated  voltage,  and  power  delivered 
to  the  filaments  is  less  than  4  per¬ 
cent  of  rated  filament  power. 

After  equal  predetermined  time 
intervals,  the  stepping  switch  ener¬ 
gizes  the  remaining  transformers 
individually.  With  each  succeeding 
step,  total  output  voltage  increases 
16  percent,  series  impedance  de¬ 
creases  and  filament  resistance  in¬ 
creases.  The  net  result  is  a  progres¬ 
sive  increase  of  filament  current 
and  power  until  all  the  con.stant- 
voltage  transformers  are  energized 
and  full-load  current  is  delivered. 

Output  voltage  at  any  step  is  held 
to  one  percent  against  a  15-percent 
change  in  line  voltage,  since  the 
transformers  regulate  as  constant- 
voltage  transformers  individually 
and  collectively.  The  reactance  in 
the  circuit  controls  steady-state 
current  during  each  step  and  also 
prevents  current  surges  during 
switching  of  the  primaries. 

Power  is  removed  from  the  fila- 


A-C 


FIG.  1 — Slapping  ■witch  anarqixas  con- 
■tant-Tollaga  tranilormar  primariai  in 
■aquanca.  Socondoria*  oi  unanargixod 
transionnan  proTida  high  raactanca  to 
limit  currant  in  lilamant  tronaiormar 
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Instrvmtiits  that  stay  accurate 
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Custom-builf  or  Stock,  ’ 

Simpson  Offors  a  Comploto  Lino  fr - 


To  meet  your  special  requirements,  Simpson 
can  build  electrical  panel  meters  in  many 
combinations  of  siae,  range,  type,  and  style. 
For  meters  in  small  quantities,  you 
can  select  from  60,000  stock  units  (over  900 
sizes  and  types)  available  for  immediate 
delivery  through  your  Electronic  Distriliutor. 
Many  stock  models  now  have  the  §elf  shielded 
Core  Magnet  Meter  Movement. 

These  fine  panel  instruments  are  known 
throughout  industry  for  their  ruggedness  and 
long-lived  accuracy.  Write  today  for 
T'r^lmirAl  MftniiAl  Na.  17. 


V 


SIMPSON  ELEGRIC  COMPANY 

5203  W.  KIniU  Si.,  CMcag*  IH- 

PWwt  iSHbf  4li  ^1121 
In  CuaSn: 

tech  Slmaisn  M.,  Unawi,  Omaris 


OVCIt  50  TtAI»% 


noi 


FIG.  2 — Plot  show*  p«rc»ntaq«  oi  lull 
currant,  rollaq*  and  power  prorldad  to 
il’amonU  as  each  oi  six  constant-Tollaqo 
transiormors  Is  switched  Into  circuit 


ments  in  a  .similar  manner. 

Typical  reaiilt.s  are  shown  in  Fijir. 
2.  The  plot  is  for  a  system  of  six 
standard  500  v-a  constant-voltage 
transformers.  Total  load  was  2,400 
watts,  and  percentages  were  com¬ 
puted  on  this  basis. 

The  number  of  transformers  in  a 
system  can  be  varied  to  suit  re¬ 
quirements.  The  duration  of  each 
step  can  also  be  changed  easily. 

In  the  in.stallation  described,  the 
motorized  switch  had  a  spring 
mechanism  to  open  all  constant- 
voltage  transformer  primaries  in 
the  event  of  a  power  failure. 


System  Gives  Pilots 
Sky  Path  Display 


Sky  path  on  It  tcroon  proTidot  alrploao 
pilots  with  Intoqrolod  display  oi  illqht- 
orlsniatlon  laionnalioa.  Kalssr  Aircraft 
&  Eloctronics  has  boon  awardsd  prims 
controct  for  dsTslopinq  systsm  incor- 
poratinq  display  by  Nasal  Air  DsTslop- 
msnt  Csntsr.  lohnsrills.  Pa.  Forward. 
Tsrtical  and  latsral  moHon  and  aircraft 
attituds  ars  soms  of  ths  rariablss  ussd 
in  ersatinq  ths  display. 


your  own  pots  —  100%  pure! 


Want  the  purest  in  potentiometers?  Nothing  to  it  —  just  put  on  a 
surgical  mask.  lock  yourself  up  in  a  sealed  room,  and  start  windingl 
Of  course,  you  II  need  an  air  conditioning  plant  to  keep  the  moisture 
controlled,  and  the  air  dust-free.  And  you  II  have  to  work  out  some 
pretty  elaborate  assembly  techniques  to  keep  the  whole  works  un- 
contaminated.  Petty  details  .  .  . 


Here's  one  of  our  pure  pots  the  500  Ace pot^  Highest  resolution, 
0.3%  independent  linearity.  1  /2f'  size,  suh-miniature.  Special  proto¬ 
type  section  insures  prompt  delivery 


ELECTRONICS  ASSOCIATES,  INC. 

99  Dovsr  StrssI,  Sosisrvills  44.  AAott. 
SOfiwnst  S-SIM  TMX  tMVl  Itl  Wmi.  UsImi  WUX 


Acmsi^  AcsskailS  ***S. 
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You  could  do  all  this  —  but  you  don  t  have  to  — 
Ace  goes  to  all  these  extremes  of  quality  control 
and  more!  So  why  not  take  advantage  of  our 
sea  led  room  and  our  advanced  techniques  —  and 
eliminate  all  the  fussin  ?  You  II  get  the  accuracy 
and  reliability  you  have  a  nght  to  expect  from 
Ace.  So  do  it  the  easy  way  —  get  Ace  pots.  See 
your  ACErep  now! 


( 


ri' 


t  .s#- 


1.:  ^-  ( ;  ( .V  i.^  i-rR^s  .  >  . 


wit!)  Creative  Imagination 
\pr^ohe  physical  universe 
at  Cubic  Corporation 


(^ubic  Knginccrs,  endowed  with  creative  imagina¬ 
tion,  successfully  developed  a  single  system  for  the 
simultaneous  tracking  or  guiding  of  five  or  more 
anti-bomber  or  anti-K^BM  missiles. 


At  (lubic  (!orpH)ration  creative  imagination  is  con¬ 
tinuing  to  broaden  the  sct)pe  and  realization  of  such 
versatile  systems  as  MOPTAR,  which  is  completely 
mobile  and  capable  of  operating  in  the  most  stringent 
missile  environments. 


VOL',  who  enj»))  the  creative  challenge  of  scientific 
and  technical  developments  which  probe  the  very* 
nature  of  the  physical  universe,  should  talk  to  (.'ubic!  . 


Clubic  Ct)rporation  RICiH  I'  NOW  affords  Engineers 
and  Scientists  the  opportunity  to  grow  and  gain 
added  prestige  in  such  advanced  fields  as: 

Advanced  Mathematics  Airborne  Packaging 

RF-UHF-VHF  '  Digital  Data  Handling 

Antenna-Propagation  Electronic  Circuitry 

At  (,'ubic  (]orpH)ration  in  beautiful,  ecjuable-climated 
San  Diego  you  will  be  ass<K'iating  with  a  company 
in  which  creativity  is  required,  recognized,  rewarded. 


Write  or  phone 


Mr.  Joseph  Devlin 
5575  Kearny  Villa  Rd. 
San  Diego  I  1,  Calif. 
BRowning  7-6780 


M  b 


COOrOtATION 


i  ; 
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COMPONENT  DESIGN 


Static  Relay  Is  Actuated  in  Three  Microsec 


Test  setup  with  relay  (circle)  in  operation 

Constructed  entirely  of  semicon¬ 
ductor  and  magnetic  devices,  a  new- 
static  relay  developed  by  Walter 
Kidde  and  Co.,  Inc.,  Belleville,  N.  J., 
has  a  life  expectancy  of  10,000 
hours  or  one  billion  operations. 
Actuation  time  is  measured  in 
microsec  and  the  unit  is  virtually 
in.sensitive  to  shock  and  vibration. 

A  schematic  diagram  of  the  relay 
is  shown  in  Fig.  1.  Functionally,  it 
consists  of  an  actuating  circuit  and 
one  or  more  contact  circuits.  The 
actuating  circuit  is  a  blocking 
oscillator  normally  turned  off.  When 
the  signal  voltage  exceeds  the  Zener 
diode  rating,  the  base  of  Q,  is  taken 
into  the  conducting  region  and  the 
blocking  oscillator  operates. 

Output  of  the  high-frequency 
oscillator  is  coupled  to  the  contact 
circuit  through  a  pulse  transformer. 
The  circuit  rectifies,  filters  and  ap¬ 
plies  the  oscillator  output  power  to 
the  base  circuit  of  the  contact  tran¬ 
sistor.  This  action  keeps  transistor 


CONTACT 

SPST 

NORMALLY 

OPEN 


Q,  in  a  saturated  condition  as  long 
as  the  signal  voltage  is  applied. 
When  this  voltage  is  reduced 
slightly  below  the  Zener  voltage 
;(about  one  volt),  oscillation  stops 
abruptly  and  the  contact  opens. 

'  The  relay  requires  24  mw’  of 
power  to  actuate  and  can  switch  600 
mw  at  speeds  up  to  50  kc.  Since  no 
power  other  than  the  signal  power 
is  required,  it  can  be  incorporated 
in  equipment  with  the  same  utility 


•  PULL  IN 


actuation  circuit  are  susceptible  to 
burnout  with  overvoltage  and/or 
overcurrent.  Contact  ratings  given 
in  Table  1,  together  with  other 
pertinent  characteristics,  are  maxi¬ 
mum  ratings  and  should  not  be  ex¬ 
ceeded.  Current  in  the  actuation 
circuit  is  determined  by  the  signal 
voltage  and  the  source  impedance. 

Although  the  original  model  WK- 
BYN-4XA  is  a  d-c  unit,  the  relay 
can  be  modified  for  a-c  loads  utiliz¬ 
ing  a  bridge  rectifier  around  the 
contact.  Higher-temperature  opera¬ 
tion  (above  100  C)  can  be  achieveii 
if  the  specification  on  contact  leak¬ 
age  is  relaxed. 

Stability  of  pull-in  and  drop-out 
voltages  with  ambient  temperature 
is  evidenced  in  Fig.  2. 


Table  I — Reloy  Specifications 


i)rii|Nii>l  lime 
('.onlui'ls 

('ontat’l  riitiiif; 
Pickup  xiIn 
I)r(i|Miut  viiIIh 
ConUicI  resislHiM-e- 


Sliock  — 

Vibnition  — 

TetiqMTHtiiro  — 

Weight  — 

KfMixy  enctqpiiiliilion 


■  3  M  -sec 

•  6  »iHe«' 

'  H|isi,  noniiHlIy 
opi’n 

;)0  v.  20  mil  il-«; 
■8-0  V  at  3  mil 

■  6  .»  V 

■  l.>0  iihiim.  cloMiil 

10  megohmo. 
open 

•  1  -'>0  g 

2.>  g  to  2.0<H(  cp^ 
-.">  to  -t-KMI 
I  I  o/ 


J.  CONTACT  CIRCUIT 

iL  T  J 

ACTUATING  CIRCUIT 

FIG.  1 — Sch*inatic  diagram  oi  static 
switching  rslay 


0i - 1 - 1 _ I _ I _ 1 _ I _ I _ I  I  ■ 

“80  -40  0  40  80  120 

TEMPERATURE  Of  RELAY  IN  DEG  C. 

FIG.  2 — Nominal  porionnancs  oi  rolay 
with  changs  In  tsmpsraturo 


as  an  electromechanical  relay. 

When  utilized  properly,  the  relay 
is  highly  reliable.  But  it  is  not  al¬ 
ways  a  perfect  substitute  for  a 
mechanical  relay.  Inherent  charac¬ 
teristics  of  semiconductor  devices 
differ  from  coils  and  metal  contacts. 
Both  the  control  circuit  and  the 


Artificial  Dielectrics 
for  Microwave  Lenses 

In  microwave  work,  it  is  often 
necessary  to  change  phase  velocity 
of  electromagnetic  waves  by  trans¬ 
mission  through  a  medium  with  a 
permittivity  and/or  a  permeability 
different  from  that  of  air.  Need  for 
a  light-weight  material  with  a  con¬ 
trollable  refractive  index  led  to  de¬ 
velopment  of  artificial  dielectrics. 
This  .development  was  described  in 
a  1958  WESCON  paper  by  Ming- 
Kuei  Hu  and  David  K.  Cheng  of 
Syracuse  University. 

Basic  design  approach  used  is 
random  arrangement  of  identical 
artificial-dielectric  elements  with 
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New  low  reflective  absorbents 
makes  free  space  tests  more  reliable 


Ten  times  lower  refleaion  is  now 
available  with  all  B.  F.  Goodrich 
Microwave  Absorbents.  This  0.1% 
material  gives  reliability  to  measure¬ 
ments  previously  unatuinable  for  test¬ 
ing  of  guided  missiles  in  a  free  space 
chamber. 

You  can  now  be  sure,  by  seleaing 
the  proper  B.  F.  Goodrich  material, 
that  you  will  get  this  0.1%  perform¬ 
ance  at  any  point  on  the  microwave 
frequency  spearum. 

In  addition  to  this  outstanding 
quality,  the  B.  F.  Goodrich  absorbent 
is  light-weight,  hre-retardant,  easy  to 
install.  It  will  not  deteriorate  in  per¬ 
formance  when  walked  upon  and  has 
excellent  water  and  weather  resisunt 


List  of  B.  F.  Goodrich  Broadband  Absorbents 


Daslinatlon 

Lowest 

Frequency* 

Thickness 

Mailmum 

Reflection 

12  CM 

2500  me 

m'-2' 

2% 

12  CM  -  1% 

2500  me 

ivk'-r 

1% 

12  CM  -  30db 

2500  me 

IVh'-r  0.1%  at  X-band. 
2%  elsewhere. 

6  CM 

5000  me 

1' 

2% 

30  CM 

1000  me 

3Vh'-4' 

2% 

30  CM  -  1% 

1000  me 

.  3V4'-4' 

1% 

60  CM 

500  me 

r-6' 

2% 

60CM-  1% 

500  me 

7'-6' 

1% 

100  CM 

300  me 

lo'-ir 

2% 

200  CM 

150  me 

26' 

2% 

600  CM 

50  me 

69' 

2% 

6  CM-«lsit 

fibtr 

3600  me 

I'-IVS' 

2% 

4  CM-alast 
Tiber 

7500  me 

44* 

2% 

Mott  of  tho  abov*  abtorbontt  can  bo  ftimitbod 
with  0.1%  maalmum  roflactlon  at  toloctad  points 
In  tho  froquoncy  band. 

*MI  porform  up  to  30,000  me 


properties.  For  darkroom  use,  a  special 
white  compound  can  be  applied  to 
the  surface  of  the  pads  to  increase 
light  reflectance. 

When  you’re  investing  thousands, 
Stan  right  — specify  B.  F.  Goodrich  — 
the  company  with  the  longest  experi¬ 
ence  and  record  for  consislensly  high 
quality  microwave  material.  For  new 
booklet  on  these  absorbents  write  The 
B.  F.  Goodrich  Company,  486  Derby 
Place,  Shelton,  Connecticut. 


EEGoodrich 

micfOMrar*  mhgorbmniM 
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each  element  in  direct  contact  with 
a  number  of  adjacent  ones.  The  ele¬ 
ments  are  supported  by  one  another. 

Figure  lA  shows  a  basic  con¬ 
struction  technique — two  thin  shells 
with  one  completely  enclosing  the 
other.  Spherical  shape  for  the 
shells,  as  shown,  is  generally  pre¬ 
ferred  to  any  other.  Thickness  of 
the  outer  shell  is  determined  mainly 
by  strength  of  the  dielectric  ma¬ 
terial  used  and  by  maximum  me¬ 
chanical  load  that  may  occur  on  a 
single  element  in  the  final  assembled 
structure. 

The  inner  shells  control  the  re¬ 
fractive  index  by  change  in  their 
size  or  shape.  Thickness  of  the 
inner  shells  is  determined  by  re¬ 
quired  refractive  index,  allowable 
loss  of  the  resulting  dielectric  and 
properties  of  the  conductive  ma¬ 
terial  used. 


FIG.  1 — Bcnic  concentric  doubl*-«h«Il 
element  (A)  hoe  outer  dielectric  shell 
(1);  inner  conducting-material  or  non¬ 
conducting  -  material  •  with  -  conductlee  • 
coating  shell  (2)  and  supporting  derices 
(3).  Double-shell  element  with  ireely 
enclosed  inner  shell  is  shown  in  (B) 

In  a  variation  of  the  basic  design, 
as  shown  in  Fig.  IB,  the  inner  shells 
can  be  enclosed  freely  within  the 
outer  shells. 

An  artificial  dielectric  of  any 
given  size  and  of  a  specified  refrac¬ 
tive  index  can  be  assembled  easily 
by  filling  the  volume  with  shell-type 
elements  as  described. 


Crystal  Gives  Low-Cost  Stereo 


In  production  at  the  Electronic 
Components  Div.,  Clevite  Corp.,  is 
a  new  twister-bender  crystal,  the 
1LK35-S,  designed  for  stereo  appli¬ 
cations  using  unscrambling  circuits. 
The  shekr  plate  (twister).  Fig.  1, 

FIG.  1 — Shear  and  expander  plate*  re¬ 
act  to  horizontal  and  rertical  compo¬ 
nent*  oi  groove  motion 


Radio  Has  Fan-Type  Design 


Servicing  i*  no  problem  because  of  the  unique  swing-out  chossis  employed  in  this 
transistorfced.  portable  two-way  radio  by  General  Electric 


KEY  ENGINEERING 
OPENINGS 
AT  VOUGHT 


ADVANCED  WEAPONS 


Thb  VouKht  division  is  planning,  analyz¬ 
ing  and  proposing  new  concepts  in  mis^e 
and  fighter  weapon  systems.  Here,  tactical 
requirements  are  established  for  new  wea¬ 
pons,  feasibility  studies  conducted,  and 
proposals  prepared. 

Select  openings  exist  la  both  the  Ad¬ 
vanced  Missile  Technical  Group  and  the 
,  Advanced  Aircraft  Technical  Group, 
j  These  are  responsible  positions  for  cn|d* 
neering  specialists  and  for  design  engi- 
oeers  up  through  lead  level.  Following 
are  requirements  for  4  openings  which  are 
typical  of  others  in  these  groups: 


Radar  System  Engineer  or  Specialist.  A.E^ 
or  E.E.  (M.S.  preferred)  with  at  least  7 
years  experience  in  systems  and/or  design 
for  radar  and  fire  control.  To  make  high- 
level  studies  of  advanced  guidance  and 
control  systems. 

Advanced  Weapons  Staff  Engineer.  Ph.  D. 
preferred,  with  at  least  10  years  back¬ 
ground  in  guidance  or  navigation  and 
control  systems.  To  develop  completely  new 
concepts  in  guidance,  navigation,  or  control 
systems. 

Electro-mechanical  Systems  Engineer  or 
Specialist.  A.E.,  E.E.,  or  M.E.  (advanced 
degree  preferred)  with  at  least  7  years 
I  experience  in  autopilot,  flight  control,  sta- 
!  bifity  systems  and  inertial  guidance  sys- 
'  terns  and  design  work.  To  make  high- 
level  technical  studies  of  various  control 
and  stabilization  systems  for  advanced 
weapons. 

Advanced  Weapons  Engineer.  A.E.,  E.E., 
or  M.E.  (M.S.  desirable)  able  to  develop 
methods  for  dynamic  stability  and  stabili¬ 
zation  studies.  To  join  in,  or  direct,  studies 
in  stabilization,  dynamic  stability,  missile 
and  airframe  confi|urations,  and  to  make 
flight  path  and  trai^tory  analyses.  All  io 
supersonic  and  hypersonic  range. 

To  arrange  for  a  personal  Interview,  or  for 
a  prompt  report  on  these  or  other  current 
openings,  return  coupon  to: 


r 


C.  A.  Bctlo 

Supervisor,  Engineerins  Personnel 
CHANCE  VOUGHT  AIRCRAFT, 

Dept.  R-S 


Dallas,  Texas 


I  1  am  a - —Engineer, 

I  interested  In  the  opening  for - - 

1  Name  ■  - - - 

j  Address— - - - 

I  Oty— - —State - 


102 


September  26,  I96R  —  ELECTRONICS  engineering  issue 


Vought  Vocabulary 


Cru-sad'er  iii: 


Navy's  new  automated  fighter 

is  a  flying  missile  base 


Automation  multiplies  the  efficiency  of  the  pilot  of 
{.'hance  V'ousht’s  new  all-weather  fighter. 

Its  armament  battery  of  guided  missiles  puts  him  in 
‘command  of  a  missile  base  that  flies  at  more  than  twice 
tiu*  s|H*e<l  of  sound.  Its  advanced  equipment  provides 
him  electronic  vision,  instant  reactions.  Freetl  by  auto¬ 
mation  from  cockpit  routine,  he  f(K'usc*s  on  strategy. 
Multiplit'd  in  power  and  judgment,  the  Navy  pilot  of 
this  Crusader  III  Incomes  a  multiple  man. 

One  of  the  most  versatile  weapon  systems  ever  de- 
\isetl  for  America’s  defense,  this  new  interceptor  can 
fight  at  altitudes  alnive  95  ix>rcent  of  the  earth  s  atmos¬ 


phere.  It  will  operate  —  under  all  weather  conditions  — 
from  carrier  decks  or  advanced  airbases. 

Crusader  III  will  give  the  U.  S.  Navy  the  lowest  cost, 
all-weather  Mach  2-plus  fighter  available. 

Scientists  and  engineers:  pioneer  with  Vought  in  new  mis¬ 
sile,  manned  aircraft,  and  electronics  programs.  For  details 
on  select  openings  write  to:  C.  A.  Besio,  Supervisor,  Engineer¬ 
ing  Personnel,  IHpt.  R-5. 
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CHANNEL 


FIG.  2  -Typical  unacrambllaq  circuit 
lor  uio  with  crystal  pickup 


generates  a  voltage  proportional  to 
the  horizontal  components  of  groove 
motion.  The  length  expander 
(bender)  generates  a  voltage  pro¬ 
portional  to  the  vertical  compo¬ 
nents.  Components  of  both  channels 
are  present  in  each  crystal  plate  as 
sirms  and  differences.  The  circuit 
shown  in  Fig.  2  repre.senta  a  simple 
method  for  unscrambling. 


Basic  Logic  Modules 
Speed  Programming 

Three  basic  seven-pin  plug-in 
modules,  energized  by  a  100-kc  r-f 
power  supply,  have  been  developed 
by  the  Semiconductor  Division, 
Hoffman  Electronics  Corp.,  Evans¬ 
ton,  Ill.  The  new  units  make  it  pos¬ 
sible  to  go  directly  to  logic  pro¬ 
gramming  without  nece.ssity  for 
individual  circuit  design. 


. . .  with  performance  characteristics  that  equal 
or  exceed  much  larger  or  more  costly  components. 
Excellent  temperature  stability:  plus  or  minus 
25%  from  10®  to  85®  C.  Extremely  low  power 
factor.  Working  voltage,  3  VDC.  GM  V  tolerances. 
Maximum  thickness,  0.156*. 

TYPICAL  SIZfS 

.22  mfd  diameter 

.47  mfd  ^*  diameter 

1.0  mfd  diameter 

2.2  mfd  diameter 

IN  STOCK  FOR  IMMEDIATE  DELIVERY 

from  your  local  centralab  distributor.  .For 
detailed  information  write  for  centralab 
Engineering  Bulletin  EP-562. 

I  ^ 

/  A  DIVISION  OF  ClOli-UNION,  INC. 
J  I.  KItH  AVI.  •  MIIWAUKEE  I,  WIS. 

l«  N4  W.  PlHMiit  M.  •  TwmI*,  OMtri* 


WC'  - '« 


Three  loqk-eyilem  module*  are  (eTen- 
pin  miniature  unit* 


First  of  the  three  modules  in  the 
Magnalog  system.  Type  NZlOO,  is 
a  NOT  unit  consisting  of  a  series- 
type  pulse  magnetic  amplifier.  The 
second.  Type  OZlOO,  is  an  or  unit 
containing  three  silicon,  double¬ 
anode  Zener  diodes  with  appropriate 
Zener  breakdown  voltages.  The 
third.  Type  AZIOO,  is  an  and  unit 
also  containing  three  Zener  diodes 
but  Arith  different  breakdown  volt¬ 
ages  than  those  used  in  the  Type 


VARIABLE  RESISTORS  •  PACKAGED  ELECTRONIC  ORCUITS  •  ELECTRONIC  SWITCHES 
CERAMIC  CAPAaTOR$  •  ENGINEERED  CERAMICS  •  SEMI-CONDUCTOR  PRODUCTS 
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FIG.  I — Wiring  oi  NZlOO  modul*  (Ia'I) 
and  AZIOO  and  OZIOO  moduU*  (right) 


n _ 

_[] _ 

n 

'  JUUl_ 

FIG.  2  -Conllguratioii  lor  on  OR  circuit 
with  woToahapoi  lor  BooUan  oKpros- 
•Ion  Ulualratod 

OZIOO  module.  FiRure  1  shows  wir¬ 
ing  diagram.H  of  the  internal  struc¬ 
tures  of  the  modules.  Figure  2  il¬ 
lustrates  an  OR  circuit  made  up 
from  an  NZlOO  and  an  OZIOO 
module.  The  three  Zener  diodes  of 
the  OZIOO  module  are  connected  to 
pin  2  of  an  NZlOO  module.  VV'ave- 
shapes  illustrate  the  B(M>lean  ex¬ 
pression,  +  Bt  +  B,  =  C  for  the 
circuit  operation. 


Papers  Wanted  for 
Components  Meeting 

Prospective  authors  are  invited 
to  submit  titles  of  papers  and  150  to 
200  words  abstracts  to  the  Program 
Committee  of  the  1959  Electronic 
(’omponents  Conference.  Deadline 
is  October  15,  1958.  Address:  Brig, 
(len.  Edwin  R.  Petzing,  AGEP,  Sec¬ 
retariat,  University  of  Penn.syl- 
vania,  200  S.  33rd  St.,  Philadelphia 
4,  Pa.  Deadline  for  completed 
papers  will  be  February  15,  1959. 


ANTENNA  TOWER 


INSULATORS 


We  at  Lapp  are  mighty 
proud  of  our  record  in  the 
field  of  tower  insulators. 
Over  30  years  ago,  the  first 
insulated  broadcasting  tower 
was  erected— on  Lapp  insu¬ 
lators.  Since  then,  most  of  the 
large  radio  towers  in  the 
world  have  been  insulated 
and  supported  by  Lapp  insulators.  Single  base 
insulator  units  for  structures  of  this  type  have 
been  design-tested  to  over  3,500,000  pounds. 

A  thorough  knowledge  of  the  properties  of  por¬ 
celain,  of  insulator  mechanics  and  electrical  qual¬ 
ities  has  been  responsible  for  Lapp’s  success  in 
becoming  such  an  important  source  of  radio  in¬ 
sulators.  Write  for  description  and  specification 
data  on  units  for  any  antenna  structure  insulating 
requirement.  Lapp  Insulator  Co.,  Inc.,  Radio  Spe¬ 
cialties  Division,  146  Sumner  Street,  LeRoy,  N.  Y. 
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PRODUCTION  TECHNIQUES 

Hot  Probe  Measures  Germanium  Diffusion  Depth 


By  M,  BELIVEAl,  International  Business  Machines  Corp.,  Poughkeepsie,  N.  Y. 
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SensitiTe  gage  proridet  depth  reoding  when  zero-point  on  meter  indicatee  Junction 


Metal  diffusion  depth  in  ger¬ 
manium  may  be  measured  within  a 
few  millionths  of  an  inch  by  using 
the  thermoelectric  effect  in  semi¬ 
conductors  to  detect  the  change  in 
impurity  type  and  level.  Sample 
preparation  takes  only  a  few  min¬ 
utes  time. 

Apparatus  consists  of  a  sensitive 
height  gage,  a  hot  stylus  mounted 
on  the  gage’s  spindle,  a  sample 
mounting  block,  a  microscopic  cross 
slide  and  a  zero-center  millivolt- 
meter  or  microammeter. 

Variable  reluctance  or  capacitor 
type  gages  with  light  actuating 
forces  are  suitable.  In  this  case,  a 
Johansson  Mikrokator  was  modified 
to  give  a  force  of  20-30  grams  for 
its  entire  range.  A  small  permanent 
magnet  is  mounted  to  the  barrel  and 
an  armature  mounted  to  the  spin¬ 
dle.  Fine  adjustment  of  the  clear¬ 
ance  between  them,  a  few  thou¬ 
sandths  of  an  inch,  gives  the  desired 
force. 

The  hot  probe  is  rigid  and  con¬ 
structed  to  avoid  heat-caused  di¬ 
mensional  changes.  The  heater  coil, 
of  thin  resistance  wire,  is  powered 
with  a  filament  transformer  to  pro¬ 
duce  125  F  to  150  F  temperature  at 


I- WATT 
/REiTER  COIL 


CONTACT  ^OiFfuSEO  GERMANIUM  WAFER 

Diagram  oi  probw  and  m«<*r  arrangw- 
m«nt 


the  probe  shank.  A  large  gap  is  left 
between  the  coil’s  top  and  the  spin¬ 
dle.  Insulating  material  in  the  gap 
is  beneficial. 

Fuzed  quartz  tubing  is  u.sed  for 
heater  and  probe  support.  The 
stylus  holder  is  Invar.  The  stylus 
has  an  Invar  shank  and  tungsten 
carbide  tip,  or  may  be  all-carbide  if 
shorter  than  i  inch.  Tip  radius  is 
0.004  inch. 

The  mounting  block  is  steel  and 
matches  the  size  of  the  wafer  used. 
A  bevel  cut  in  one  edge  extends  into 
the  mounting  face  for  an  inch  or 
more.  The  bevel  face  guides  the 
beveling  of  the  wafer  edge. 

The  leveling  platform,  perma¬ 
nently  mounted  to  the  micrometer- 
equipped  cross  slide,  assures  the 


wafer  surface  is  parallel  to  the  slide 
ways.  The  ways  are  perpendicular 
to  stylus  motion.  The  platform 
pivots  are  in  line  with  the  top  sur¬ 
face  of  the  germanium  near  the 
beveled  edge. 

Thermal  output  of  the  probe  is 
read  with  the  meter.  Electrical  con¬ 
nections  are  made  to  the  hot  probe 
and  to  a  pressure  contact  anywhere 
on  the  germanium  surface. 

The  germanium  sample  is  placed 
on  the  metal  block,  which  has  a 
built-in  guide  for  lapping  a  small- 
angle  bevel  (5  degrees)  on  one  edge 
of  the  .sample.  Since  only  vertical 
distance  will  be  measured,  it  is  not 
necessary  to  know  the  exact  angle 
or  starting  point  of  the  bevel. 

The  block  with  sample  is  placed 
on  the  levelling  platform.  Contact 
between  sample  and  probe  is  made 
and  the  depth  gage  read.  Cross  slide 
and  block  are  moved  and  the  plat¬ 
form  adjusted  to  level  the  top  sur¬ 
face  of  the  .sample  so  that  the  gage 
shows  little  or  no  variation.  The 
reading  is  recorded. 

As  the  cross  slide  is  moved  so  that 
the  stylus  starts  down  the  bevel, 
thermal  output  is  ob.served,  or 
plotted,  against  depth.  When  out¬ 
put  changes  from  negative  to  posi¬ 
tive,  or  vice-versa,  a  junction  has 
been  located.  To  obtain  junction 
depth,  the  depth  reading  obtained 
as  the  thermal  output  crosses  the 


Hot  probw  asNombly  It  mounlod  on  gag* 
tpindlo  OTor  zampU  block 


Narda  Dual  Hi|h  DIractivlty  OIrtctlonal  Couplart  art  dt- 
tifntd  (or  redtctometar  measurements  in  wevefulde  sys¬ 
tems.  and  exhibit  the  same  (tat  response  (±  0.4)  and  hi(h 
directivity  (40  db  min.)  as  Narda's  slntle  units.  Primary 
line  VSwii!  l.OS  max.  (1.10  (or  M102f);  secondary  line 
VSWR:  1.15  max. 

Coupling  structures  are  on  opposite  broad  walls  of  the 
primary  line;  secondary  output  arms  are  on  the  same  side. 
Detector  mounts  can  be  attached  readily  to  (Kllitate 
connecting  detector  mounts. 


HIGH  DIRECTIVin  COUPLERS 

The  40  db  High  Power  Coupler  Is  another  exclusive  Nerde 
product.  Similar  to  standard  types,  except  that  coupling  irises 
arc  In  the  narrow  wall,  it  may  be  used  at  (ull  rated  power 
ol  the  waveguide  size.  Nominal  coupling  value  Is  40  db; 
directivity  40  db.  Directivity  (or  3,  •,  10  and  20  db  couplers 
Is  also  40  db.  Standard  cover  (tenges  on  primary  lino;  low 
VSWII  termination  and  standard  cover  (lenga  on  secondary. 
All  bands-  2600  to  90,000  me. 


STAHDARD  REFLECTIONS 


Narda  otters  (Ive  values  of  ratlectlons  lor  each  ol  sbi  dH- 
lerent  waveguide  sizes ...  the  most  complete  choice  wo 
know  ol!  Provides  calibrated  ratlectlons  or  VSWR's  lor  use 
In  standardizing  rellectometers  or  calibrating  slotted  line 
impedsfKe  meters. 


gPfCIFICATIONS 


Ret  lection 
Coolllclent 

0.00 

0.05 

0.10 

0.15 

E^l 

Accuracy 

HSSSIQSB 

1.00 

1.105 

1.222 

1.353 

IB 

Models  lor  2.60  to  11.0  kmc,  from  $125  to  $300  H  leaeeWe  Oelectert  Isr  me  eilk  crytlsli  ealy,  availakle  ler  milHeMlst  kaedi  ll,IM  Is  90,060  sk.,  (real  $I2S 


microwave  corporation 

118-160  HERRICKS  ROAD,  MINEOLA,  L,  I,,  N.  Y,  •  PIONEER  6-4650 


Comploto  CoaiitI  and  Wavc|uide  Instrumantation  for  Microwavt  and  UHF  —  incladinf 

200  to  90.000  me. 

DIIIECTIONAL  COUPtERS  TUNERS  AHENUATORS 

TERMINATIONS  ECHO  BOXES  STANDARD  REFLECTIONS 

FREQUENCY  METERS  SLOHED  LINES  BOLOMETERS 

HORNS  BENDS  THERMISTORS 

VSWR  AMPLIFIERS  COAXIAL  HYBRIDS  LOW  PASS  FILTERS 


MAIL  COUPON  TODAY  FOR 
FREE  1959  CATALOG  AND  NAME  OF 
NEAREST  REPRESENTATIVE  j 

The  Narda  Microwave  Corporation  i 
118-160  Herricks  Road 
Mineola.  L.  I.,  N.  Y.  • 

Dept.  E-IO 


ADDRESS 
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zero  point  is  subtracted  from  the 
first  or  reference  Rage  reading. 

The  bevel  angle  selected,  while 
not  critical,  is  a  function  of  surface 
waviness,  diffusion  depth  and  accu¬ 
racy  desired.  Deep  diffusions  (0.001 
inch)  and  wavy  surfaces  require 
larger  angles.  Figure  1  shows  how 
errors  due  to  waviness  and  inaccu¬ 
rate  leveling  are  reduced  by  a 
greater  bevel  angle  B,  perhaps  8  de¬ 
grees. 


SURFACE  WAVINESS 
I  GREATLY  EXAGGERATED 
VERTICAL  SCALE) 


FI9.  l  -DMpcr  b«T«l  OTToldt  arrora  dua 
to  Inagular  lampla  iuriaca 


CHILC®  Specialized 


BEVEL  ancle 
(DEGREES) 


15.2 
21. S 
29.7 
3B.9 


The  wavy  surface  technique  is  as 
follows:  Level  the  block  until  the 
gage  pointer  oscillates  about  a  point 
on  the  scale.  Take  a  reference  read¬ 
ing  at  the  jump-off  point  to  the 
beveled  surface.  Subtract  from  the 
reference  reading  the  reading  at  the 
j  junction  and  a  correction  for  tip 
radius  and  bevel  angle  (Figure  2). 

There  are  3  checks  for  the  appa- 
I  ratus.  For  thermal  stability :  warm 
I  up  the  probe  for  i  hour.  When  probe 
temperature  is  140  F,  contact  the 
I  germanium  and  allow  }  minute  for 
'  stabilization.  The  change  in  depth 


FOR  CHARACTER  DISPLAYS 


Mahwoli,  N.  J.  Miami,  Fla.  Cwcamoaga,  CaKf. 

Davis  7-1123  Plaia  1-90U  Yokoa  2-24M 


YEARS  AHEAD  IH  DESIGH  PERFORMAHCE 


For  critical  applications,  many  of  our 
customers  hove  saved  years  of  trfal  and 
error  in  YOKE  selection  by  specifying 
Ceke  YOKES. 


WrHa  for  CflCO  DEFLECTION  YOKE  Cotaloowa  & 
Dotlgn  Shoots  or  for  immodiofo  onelnooring 
ossistonco  Coll  yowr  noorost  CKCO  Flont; 


Fig.  2 — Corroclloa  (la  mllUonlhs  Inch) 
for  Up  radius  and  bovol  anglo 


The  construction  of  our  yokes  mokes  it 
possible  to  achieve  seasitivities,  Ibiear- 
Hies,  responses  and  dbtortion-free  de¬ 
flecting  fMds  not  possible  with  the  usual 
types  of  yoke. 

For  precision  military  and  commercial 
displays,  Celco  also  offers  standord  yokes 
in  7/8",  r,  1  2",  *  2H-  CRT  neck 

diameters. 
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reading  must  not  exceed  10-mil- 
lionths  per  minute.  Mechanical  sta¬ 
bility:  readings  must  not  be  erratic 
when  the  probe  is  moved  left  to 
right  over  a  level  .sample  or  polished 
surface.  I^robe  contact  force  and 
radius:  a  variation  in  junction 
depth  readings,  after  the  probe  ha.s 
been  moved  .several  times  over  the 
bevel  in  the  .same  trace,  indicates 
the  germanium  is  being  scored.  The 
scoring  can  be  observed  with  a 
metallurgical  micn»scope. 


One  Etchant  Handles 
Several  Metal  Plates 


Uii*lch«d  board  la  iaaortod  la  paddio 
•Ichor 


Recently  introduced  process  for 
etching  printed  copper  circuits  em¬ 
ploys  an  aqueous  solution  of  am¬ 
monium  persulfate  as  the  etchant, 
rather  than  ferric  chloride  or 
chromic  acid. 

Advantages  claimed  for  the  proc- 
e.ss  by  Becco  Chemical  Division, 

Food  Machinery  and  Chemical 
Corp,,  Buffalo,  N,  Y.,  are:  plain, 
solder-plated  and  plated  circuits 
may  be  etched  in  one  system,  the 
etchant  is  relatively  non-corrosive, 
does  not  produce  fumes,  does  not 
form  sludge,  produces  only  water- 
soluble  reaction  products,  allows 
copper  recovery  and  sewering  of 
wastes. 

Comparative  costs  per  gallon  of 
etching  solution,  according  to  Becco, 

36  to  42  cents  for  ammonium  per¬ 
sulfate,  50  to  75  cents  for  ferric 
chloride  and  $1  to  $1.25  for  chromic 
acid.  Overall  process  time  for  all 
three  are  reported  as  comparable. 

Conventional  tank,  paddle  or 
spray  etchers  may  be  used.  The 
ammonium  persulfate  solution  re¬ 
quires  activation  by  operating  at 
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electronic  supplies 


on  request 

the  most  widely  used 

electronic  supply  guide 

ALLIED’S  452-PAGE 
1959  CATALOG 


utWil  (ktAqMt  stocki. 


•  Receiving  Tubes  •  Test  Instruments 

•  Power  &  Gas  Tubes  •  Meters  &  Supplies 

•  Diodes  &  Transistors  •  AN  Connectors 

•  Relays  A  Switches  •  Metal  Chassis  Bases 

•  Electronic  Parts  for  Every  Industrial  Need 

•  Knight-Kit  Test  Instruments  in  Low  Cost  Kit  Form 

•  Knight  Paging  and  Public  Address  Equipment 

Simplify  and  speed  your  purchasing  of  electronic  supplies 
and  equipment  at  alued.  We  make  fast,  expert  shipment 
from  the  world’s  largest  stocks  of  everything  in  Electronics. 
Our  expert  Industrial  supply  service  saves  you  time,  effort 
and  money.  Manufacturers’  prices  available  on  quantity 
purchases.  Send  today  for  your  free  1959  allied  Catalog— 
the  complete  Buying  Guide  to  Electronic  supplies  for  Indus¬ 
trial  and  Communications  use. 

ALLIED  RADIO 

100  N.  W«»t«rn  Ave.,  Oopl.  11-J8 
Chicago  10,  lllineit 


Out  ccmf  (fte  dift^daUi  Acwice.  UicttcnLca. 


SEMICONDUCTOR 

PLUS 

MICROWAVE 

COMPETENCE 

Since  1952,  Microwave  Associates,  Inc., 
has  demonstrated  a  unique  and  effective 
effort  combining  solid  state  devices  and 
microwave  techniques.  We  have  been  the 
leader  in  the  design  and  production  of 
very  low  noise,  reiiable  microwave  mixer 
and  video  diodes  to  the  extent  that  our 
silicon  products  are  essential  elements  in 
almost  all  high  performance  microwave 
systems  in  use  today. 


For  your  future  use,  programs  are  now  in 
progress  which  will  soon  make  available 
diffused  junction  mesa  silicon  varactors 
for  microwave  amplification,  detection, 
harmonic  generation  and  low  noise  duplex¬ 
ing.  if  your  microwave  system  planning  will 
require  a  component  involving  sophisti¬ 
cated  solid  state  and  microwave  tech¬ 
niques,  why  not  avail  yourself  of  our 
skilled  team  of  physicists,  metallurgists, 
and  engineers  now  most  active  in  this  field. 


temperature  of  about  130° F,  or  by 
using  catalytic  activation  at  room 
temperature.  Tank  etching  requires 
agitation  by  board  motion  or  air 
bubbling. 

The  bath  is  prepared  by  mixing 
2  to  2.5  pounds  of  stable  ammonium 
persulfate  powder  to  each  gallon  of 
hot  water.  This  25%  solution  may 
be  stored  8  to  10  days.  A  50  to  60% 
head  tank  .solution  may  be  stored  2 
to  3  days.  All  ves.sels  must  be 
thoroughly  cleaned  of  residues  left 
by  other  processe.s. 


Elch*d  board  U  waahod  la  rlaao  tank 


Copper  capacity  of  the  25%  solu¬ 
tion  is  8  ounces  of  coppfT  per  gal¬ 
lon.  Typical  etching  time  in  a  pad¬ 
dle  etcher  is  7  to  8  minutes,  2 
ounce  copper;  5  to  6  minutes,  1.5 
ounce  copper,  and  3  to  4  minutes, 
1  ounce  copper  in  heat  activated 
solution  is  about  half  these  times 
in  catalyst  activated  solution. 
Etching  time  will  be  approxi¬ 
mately  double  over  the  useful  life 
of  the  solution.  No  precipitate  or 
sludge  will  form  in  the  etching 
tank. 

Water  rinse,  rather  than  water 
wash  or  scrubbing,  will  clean  the 
water  soluble  residues  left  on  etched 
boards.  Lead  sulfate  will  form  on 
solder-plated  boards,  but  may  be 
removed  by  buffing,  hot  water  or 
chemical  dip. 

Spent  solution  will  contain  essen¬ 
tially  only  ammonium  sulfate,  cop¬ 
per  sulfate  and  a  trace  of  sulfuric 
acid.  Copper  may  be  recovered 
practically  by  plating  it  out  elec- 
trolytically.  If  copper  is  not  to  be 
recovered,  liming  the  waste  solution 
in  a  settling  tank  will  precipitate 
a  copper-bearing  sludge.  In  either 
ca.se,  the  remaining  solution  can  be 
sewered  in  most  localities  after 
dilution. 

The  process  can  be  used  with  all 
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..easier 


conventional  resists.  With  modifi¬ 
cations,  it  can  be  used  to  clean  cop¬ 
per  or  remove  copper  flash. 


Fluidized  Resin 
Coats  Hot  Parts 

Small  parts  may  be  readily  encap¬ 
sulated  by  plunginR  them  when  hot 
in  dry  resin.  The  photos  illustrate 
a  technique  recommended  by  Min¬ 
nesota  Mining  &  Manufacturing  Co. 
for  encapsulating  toroids. 


KLEIN  PLIERS 


Klein  Pliert  may  be  ordered  with  dipped>on  plastic-coated  handles. 


The  toroid,  held  by  a  wire  spring, 
is  heated  to  350  F.  It  is  dipped  into 
powdered  epoxy  resin  until  com¬ 
pletely  submerged  and  kept  sub¬ 
merged  for  2  or  3  seconds.  The  heat 
of  the  part  causes  the  p<»wder  to 
melt  and  adhere  to  its  surface  in  an 
even  coating.  On  withdrawal,  the 
part  will  show  a  slightly  granular 
surface  until  the  internal  heat  of 
the  toroid  melts  the  resin  grains 
clinging  to  its  surface. 


Many  Klein  Pliers  are 
available  with  a  coil  spring  to 
keep  jaws  in  open  position. 
Spring  is  guaranteed  for  the  life 
of  the  plier. 


307-5 


Melting  resin  grolas  give  a  smooth, 
shiny  coating 

The  resin  is  held  in  a  container 
which  fluidizes,  or  aerates,  it  by 
compre.Hsed  air  so  that  it  has  the 
properties  of  a  simmering  liquid. 
The  air  enters  through  a  membrane 
of  glass,  cloth  and  paper  under  the 
resin.  One  foot  of  resin  was  used 
under  about  1  to  1  pound  of  air 
pressure. 


There’s  a  lot  to  like  in  Klein  Pliers. 
There  is  a  size  and  style  for  every 
job,  even  the  toughest  wiring  as¬ 
sembly.  All  are  made  of  finest  alloy 


steel,  individually  tempered  and 
tested.  They  are  backed  by  the  Klein 
name,  serving  industry  for  more 
than  too  years. 


PAT.  APPLIED  FOR 


Yours  for  the  asking- 
free  copy  of  the  new 


Klein  Pocket  Tool  Guide. 


r«r«igN  Oialributar:  InlwnatlRnal  Standard  iladric  Carp.,  Naw  Yarh 


Mathias 


KLEIN 


7200  McCORMICK  ROAD  •  CHICAGO 45.  ILLINOIS 


Pltort  Mnr*  to  plunqo  hot  port  In  pow 
dorod  roftln 


ELECTRONICS  engineering  issue  —  September  26,  1958 


CIRCLE  74  READERS  SERVICE  CARD 


in 


NEW  PRODUCTS 


Tiny  Components 
wide  variety 

The  James  Millen  Mfg.  Co., 
Malden,  Mass.,  announces  a  com¬ 
plete  line  of  miniature  components 
approximately  |  the  size  of  the 
standard  units.  Such  components 
include  i-f  transfonners,  dials, 


knobs,  dial  locks,  shaft  locks,  flexi¬ 
ble  couplings  (in  7  types),  ceramic 
terminal  strips,  binding  posts,  gear 
drives,  insulated  potentiometer 
mountings  and  all  other  compo¬ 
nents  in  the  company’s  standard 
line  that  lend  themselves  to  minia¬ 
turization.  Circle  ^00  on  Reader 
Sersice  Card. 


.. 


Coble  Evaluator 
self  programming 

James  Cunningham,  Son  &  Co., 
Inc.,  33  Litchfield  St.,  Roch¬ 
ester  8,  N.  Y.  The  self-program¬ 
ming  automatic  cable  evaluator 
(SPACE)  is  a  console-mounted 
testing  instrument  which  automa¬ 
tically  checks  for  leakage  (hi-pot) 


and  continuity  between  any  and 
all  wire  ends  or  terminations  of  a 
cable  harness  or  device  being  tested. 
SPACE,  employing  ’  a  computer 
type  memory,  progresses  through  si 
series  of  tests  in  a  logical  manner 
at  a  maximum  rate  of  10  tests  per 
second  and  has  a  capabilitv  of  gen¬ 
erating  its  own  tape-  program. 
Circle  301  on  Reader  Service  Card. 


Miniature  Pot 
two  voltage  outputs 

Waters  Mfg.,  Inc.,  W’ayland. 
Mass.  I  vpe  WPSC  is  a  miniature 
nonlinear  sinc-cosinc  precision  pot 
that  proxidcs  two  accurate  and  en¬ 
tirely  separate  360  deg  sinusoidal 
voltage  outputs.  The  two  output 
signals  are  displaced  90  deg  in  phase 


ami  represett  the  sine  and  cosine 
of  the  shaft  rotation  angle.  Stand¬ 
ard  seno-type  mounting  is  pro¬ 
vided,  but  tapped  hole  moimting 
can  Ik-  specified  in  this  precision- 
wound  unit.  'I  he  new  potentiome¬ 
ter  is  particularly  useful  in  radar  ppi 
displays  and  for  various  txpes  of 
computers.  Circle  302  on  Reader 
Service  Card. 


Attenuator 

two  switch  sections 

The  Daven  Co.,  Livingston,  N.  J., 
has  a  subminiature  attenuator 
whose  dimensions  are  only  J  in. 
square  bv  I J  in.  long.  Diameter  of 
the  shaft  is  i  in.  with  J  in.-28 
mounting  bushing.  Inside  the  unit 
are  two  switch  sections  w'ith  slip 


rings  and  22  fixed  resistors.  It  is  de¬ 
signed  to  surpass  applicable  MIL 
specifications  such  as  MIL-S'I'D- 
202.\  by  temperature  cycling,  mois¬ 
ture  resistance,  vibration  up  to 
2,000  cps  at  1 5  C,  and  30  C  accel¬ 
eration.  The  unit  is  available  as  an 
11 -position  bridged  T,  20-position 
ladder,  or  20-jx)sition  pot.  Circle 
303  on  Reader  Service  Card. 


Unique  Network 
improves  a-m/f-m  power 

Kahn  Research  Laboratories, 
Inc.,  22  Pine  St.,  Freeport,  N.  Y. 
Specifically  designed  for  a-m,  f-ni, 
tx-  audio,  and  h-f  communications 
transmitters,  the  model  SP-58-1A 

112 


“Svmnietra-pcak”  network  redis¬ 
tributes  unequal  positive  or  nega- 


tixe  ]K-ak  energv  of  audio  waves 
symmetrically  alwint  the  zero  axis, 
'nius,  any  asxiiinietrx  resulting  from 
certain  \oice  characteristics,  ini- 
propc-rl\  phased  microphones,  or 
switching  between  local  and  distant 
program  sources  is  eliminated. 
SV'ith  |K-ak  energy  considerabh  rc- 
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HERE’S  WHY 
SO  MAHY 
EHGIHEERS 
SPECIFY  I 
P&B’s  ' 
MH  RELAY* 


-s'*'- 


*AND  VARIATIONS  OF  THIS  BASIC  STRUCTURE  SHOWN  BELOW 


INGINIIRING  DATA/MH  RILAY 


IntvUticn:  Laminot*d  ph«nolic. 

Sln«Ml«tl*ii  Ratitlanc*!  lOOmcg- 
ohffM  minimwm. 

Br*«kd«wn  V«ll«a«:  ^IN 

RMS  between  all  elements. 

Sheckt  Up  to  30g. 

I  I  I  jJL-fM  Vibrotleni  Up  to  lOg  from  55  to 
^  o  8/  500  eps.;  .065’  mox.  excur- 

8  I  'ntmiknt  sioni  from  1 0  to  55  cps. 

,  -  atMMcrxK  Ambient  Temperature:  — 45'’C. 

to  +85‘’C.  -(65°C.  to 
+125°C.  on  special  order). 

Weight;  2'A  ox.  max. (open relay) 

^  PuIMn:  Approx.  75%  of  nominal 

1  voltage. 

I  Ai  Pull-In  Speed:  Approx.  15  ms. 

I-  „.  <  :iiic  Drop-Out  Speed:  Approx.  10  ms. 

-  ijj“  *  ' TermlnoU:  Pierced  solder  lugsi 
J-  mus  special  lugs  for  printed  circuits, 

toper  tab  (AMP  #78). 

PA8  STANDARD  RELAYS  AVAILABLE  AT  YOUR  LOCAL  ELECTRONIC  PARTS  DISTRIBUTOR 


CONTACTS: 

Arrangement*:  Up  to  9  springs 
per  stack. 

Msderiol:  'A*  silver;  also  Palla¬ 
dium  or  gold  olloy. 

Load:  Dry  circuits  to  5  amp* 
@  1 1 5V  AC  resistive. 

COILS: 

Resistonce:  22,000  ohms  max. 

Power:  100  milliwatts  per  mov¬ 
able  minimum  to  4  watts  at 
25°C.  max.  (200  mw.  min.  to 
meet  max.  shock/vibration 
spec.) 

Duty:  DC:  Continuous.  AC:  Inter¬ 
mittent  (2  pole  relay  max.) 

Veltoges:  DC:  Up  to  110  volts. 
AC:  Up  to  230  V.  60  cycles. 

Current:  2.5  ma  to  10  omps  DC. 


VERSATILITY 


and  adaptability 
are  prime  reasons  why  designers  have  made 
the  MH  a  P&B  best  seller.  This  relay  series, 
for  example,  does  yeoman  duty  in  such  diverse 
applications  as  jet  aircraft,  street  lighting 
equipment,  computers  and  missile  ground 
controls. 

When  multiple  switching  is  required . . .  when 
size,  weight,  long  life  and  reliability  are  critical 
...our  MH  relay  can  usually  fill  the  bill.  It’s 
RIGHT  for  countless  jobs,  often  at  countable 
savings. 

Let  us  send  you  complete  information  about 
this  miniature  telephone-type  relay  and  the 
variations  we’ve  evolved  for  special  applica¬ 
tions.  Write  or  call  today. 


MA  LATCHING 

Eluctrical  loMl;  niMhankol  rcMt.  SnoN, 
vurtalil*  and  oH*t»d  with  Mloction  of 
confoc:  Orranaamanta. 


MC  TOR  RF  SWITCHING 
For  RF  iwllchlng  whara  Infarcenloct 
capocilonca  Irntat  mufl  ba  mbilmltad. 
Caromk  conlact  tpocan. 


MB  CONTACTOR 

Contoctr  ratad  60  amp.  28  volti  DC 
non-indwcHva.  WW  corry  I  SO  amp.  Mirga 
for  a  dwratkm  of  0  J  MCOndt. 


MH  SCAL-TCMP 

Faaturai  Motad  coil  to  aMtiaUxa  conlocf 
cairtamination.  Avoilabl*  at  hacmaticoHy 
taolad  ralay  only. 


duccd,  a\cragc  modulation  level  can 
Ik‘  increased,  |)erinitting  potential 
power  improvement  of  up  to  4  db 
on  soice  transmission.  Circle  304 
on  Reader  Service  Card. 


SoRF.NSKN  &  Co.,  Inc.,  Richards 
Ave.,  Soutii  Norwalk.  Conn.  .Added 
to  the  Q-Nobatron  hne  of  transis¬ 
torized  low-soltagc  high-current  d-c 
supplies  is  the  model  Q28-.'),  witli 
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Marking  Machine 
for  flat  items 

M. vrkkm  M.vciiink.  Co.,  Keene  s?. 

N.  II.  Mat  or  rectangular  meter 
sockets  and  similar  flat  items  max 
Ik  marked  directly  with  Ul.  ajv 
proxal  seal  and  issue  number  bv 
the  model  2sAU  machine.  'I'he 
machine  uses  a  sealed,  recording, 
noil-reset  counter  mechanisin  and 
manifest  printing  plates  purchased 
from  and  issued  through  Under¬ 
writers  Liboratories,  Inc.  Speeds 
up  to  60  imprints  per  minute  may 
Ik  achiexed  on  a  full  range  of  sizes 
of  meter  sockets,  with  rapid 
change-oxer  from  size  to  size.  Im¬ 
print  size  of  the  UI.  lalH’l  section 
is  2i  in.  bx  T  in.  Circle  T05  on 
Reader  Service  Card. 


D-C  Supplies 
transistorized 


INSTRUMENT  AMPUFIERS 

designed  for  amplification  of 
low-level  signals  have 
exceptional  sensitivity.  Input 
of  .0025  microwatts  produces 
full  output  of  4  DC  volts 


into  5000  ohms. 


Magnetic  Amplifiers 


For  sensitive  thermocouples,  strain  gauges,  and 
similar  data  sf  nsing  applications,  Preac  amplifiers 

provide  low  null  drift.  Power  gain  is  so  high 
(up  to  60  db)  that  inverse  feedback  can  readily 

be  psed  to  achieve  special  desired  characteristics. 


^  JJ,.  \ 


lirtct  fM  TrMtaitttre  Crystal  caatrailtC 
215-239  aMgacycles.  129kc  Ctviatiaa. 
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an  output  range  of  18-^6  v  d-c  at 
0-0.05  ampere.  It  is  ideal  for  use 
in  such  applications  as  computer 
circuits  or  strain  gage  bridges.  Unit 
is  available  in  single  or  dual  rack 
mounting  models  or  in  cabinets. 
Circle  306  on  Reader  Service  Card. 


Tube  Cooler 
for  missile  use 

FIastern  Industries,  Inc.,  100 
Skiff  St.,  ffamden.  Conn.,  pro¬ 
duces  a  unit  for  cooling  high  pow¬ 
ered  electronic  tubes  in  the  guid¬ 
ance  systems  of  missiles.  Model 
F./I1T-200,  type  204,  is  a  complete 
assembly,  weighing  10  lb  and  with 
dimensions  of  only  lOi  in.  by  6  in. 
by  1\  in.  It  has  an  operating  tem¬ 
perature  range  from  —  65  F  to  -t- 
160  P’.  It  has  a  capacity  of  1,600 
w  and  operates  on  28  v,  d-c  power 
supply.  Coolant  is  ethylene  glycol- 
water  solution  dcliscred  at  0.6  gpm 
flow  rate  and  35  psi  pressure  at 
maximum  tempt'raturC.  Circle  307 
on  Reader  Service  Card. 


on  the  computer  reel 


has  three  Important  features 


Type  EP  Audiotape  is  the  extra -precision  magnetic  instrumentation 
tape  that  is  guaranteed  defect-free.  Now  EP  Audiotape  is  available  in 
a  form  particularly  suited  to  electronic  computers.  It  is  made  on  both 
1.5-mil  cellulose  acetate  and  polyester  him.  Tapes  are  2500  x  W. 
Every  reel  is  tested  by  a  7-channel  certifier  before  it  leaves  the  factory 
and  is  guaranteed  to  have  absolutely  no  “dropouts”  (microscopic  imper- 
fectioiu  causing  test  signal  to  drop  below  50%  of  average  peak  output). 

Reel  is  Audio’s  computer  reel  — an  opaque  polystyrene  10^”  reel 
with  a  hub  diameter  of  5.125”.  Each  reel  comes  with  pressure-sensitive 
identification  labels  and  a  yellow  polyethylene  drive  slot  plug. 

Two  photo-sensint  Markers  are  accurately  placed  on  the  tape,  one  14  feet 
from  the  hub  end,  the  other  ten  feet  from  the  other  end.  Tliese  markers 
are  vaporised  aluminum  sandwiched  between  the  base  and  low  flow 
thermosetting  adhesive.  Both  markers  are  firmly  placed  and  wrinkle-free. 


CoRtaintr  is  of  transparent  polystyrene  and  /f' 

made  especially  for  the  computer  reel.  A  /h 

center-lock  mechanism  and  peripheral  rubber  li 

gasket  seal  the  reel  from  external  dust  and 
sharp  changes  in  temperature  and  humidity. 

EP  Audiotape  on  the  computer  reel  has  been 
used  in  large  computer  installations  with  per- 
feet  results.  Although  the  reel,  markers  and 

container  are  designed  for  specific  computers,  the  tape  is  the  same 
precision  EP  Audiotape  that  has  stood  the  tests  of  time  and  operation 
on  hundreds  of  applications  in  automation,  petroleum  seismology,  tele¬ 
metering,  and  electronic  computing.  To  get  the  complete  specifications 
for  type  EP  Audiotape  on  the  computer  reel  —  or  for  a  Company  repre¬ 
sentative  to  call  —  write  on  your  company  letterhead  to  Dept.  TE. 

AUDIO  DEVICES.  INC.,  444  MsditOR  Avarm,  New  Yirk  22,  N.Y. 


Resistance  Bridge 
high  precision 

Elextro-Measurements,  Inc., 
7524  S.W.  Macadam  Ave.,  Port¬ 
land  1,  Ore.  Model  230-R  Wheat¬ 
stone  resistance  bridge  offers  a 
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exploded  view 

ERIE  Ceramicon®  i 
Dual-Tuning  m 
|l^\^apacitor/^ 
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conihinntioii  of  accuracy,  speed 
aiul  coincnicncc  for  precise  resistor 
checking,  temperature  coefficient 
ineasnreinents,  strain  gage  calibra¬ 
tion  and  other  critical  resistance 
ineasnreinents.  It  features  an  ae- 
euracs  of  iKtter  than  0.02  percent 
for  most  nieasmeinents  from  0  to 
12.000  inegohins.  The  lowest 
range  has  a  resolution  of  10  micro 
ohms  per  dial  division.  Circle  ^08 
on  Reader  Service  Card. 


Power  Supplies 
transistorized 

I..VMHn.\  K,I  F.CIRONICS  CoRP.,  11- 
11  nist  St..  College  Point  s6. 
N.  Y.  Ilic  I.-T  series  transistor¬ 
ized  power  supplies  feature  convec¬ 
tion  crxiling.  Ilicy  arc  designed  to 
ojx’rate  at  inaxiimini  rating  of  50 
C  ambient  tein|X‘ratme  without  in¬ 
ternal  blowers  or  other  moving 
p;irts.  First  two  uKKlels  in  the  .se¬ 
ries.  I,r2095  and  1,12095X1  (me¬ 
tered),  arc  pricx-d  at  S565  and  S595, 
respextively.  Ranges  are  0-52  v  dx, 
0-2  amperes.  Input  rating  is  105- 
125  V  a-c  at  50-400  cps.  Circle  509 
on  Reader  Service  Card. 


Pressure  Transducer 
good  repeatability 

Dair.vn  Ei.kctronics,  1856  Rosc- 
crans  Avc.,  Manhattan  Be.ich, 
Calif.  A  new  pressure  to  frequenev’ 
transducer  is  onnpletclv  sclf-con- 


dnexr,  the  transdiKxr  coil  being 


produced 
for 

PHILCO 

^  (4 

ERIEV 


ERIE  achieves  a  new  stand-  \  \ 

ard  in  miniaturization  for  N.  ^ 

transistor  radios  with  the  new 
ERIE  Ceramicon  Dual-Tuning  Capacitor. 

It  is  a  time  proven  ERIE  Ceramicon  Trimmer  Capacitor, 
designed  to  be  used  as  a  dual  section  tuning  device. 

The  ERIE  Ceramicon  Dual-Tuning  Capacitor  has  a  mini¬ 
mum  expected  life  of  25,000  tuning  cycles  of  180“  for  each 
cycle.  The  range  of  capacitance  adjustment  is  greater  than 
9  to  1. 

The  tuning  control,  which  provides  precise  tracking 
through  a  mechanical  coupling  arrangement,  is  comprised  of 
two  interlocking  parts,  custom  molded  by  ERIE  Plastics 
Division.  The  completely  packaged  station  selector  is  assem¬ 
bled  by  ERIE  for  quick,  easy  installation. 

The  ERIE  Dxial-Tuning  Capacitor  is  a  result  of  close 
cooperation  between  the  customer  and  ERIE  engineers. 
Consult  with  ERIE  for  further  miniaturization  in  your 
transistor  radios.  Write  for  additional  information. 


E  rTe  resistor  CORP  O  RATIO  N 

MAIN  OFFICES  ERIE  PA  USA 
UdOlltl  nil.  Pt  •HOllT  IPIINGI  Mill  MPINTON.  OMT4II0  C4N40t 
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For 

400  CPS 

Cooling 

Applications 


part  of  an  integral  oscillator  tank 
circuit.  'Flic  instrument  therefore 
has  infinite  resolution  and  provides 
repeatability  of  1  percent  or  Ix-ttcr. 
Unit  measures  li  in.  in  diameter 
by  in.  long  and  weighs  8J  oz. 
Circle  310  on  Reader  Service  Card. 


Silicon  Power  Supply 
heavy  duty  unit 

Pkrkin  Knginkerinc  Corp.,  343 
Kansas  St.,  El  Segundo,  Calif.  A 
new  heavy  duty  silia)n  rcctifiei 
type  d<  power  supply  has  an  out¬ 
put  of  73  to  730  V  at  200  kw. 
Regulation  accuraev  is  1  percent 
and  ripple  2  perc-ent  rms.  lire  unit 
is  controlled  remotely  by  a  self 
saturating  magnetic  power  ampli¬ 
fier  which  permits  siiKM)th  continu¬ 
ous  adjustment  between  75  and 
750  V.  Complete  description  is 
given  in  bulletin  MS708  available 
on  letterhead  request. 


0  so  100  ISO  200 
AIR  VOLUME  CFM 


For  airborne  and  missile  cooling  applications,  the  AXIMAX-3  when  turning  at 
20,000  rpm  will  deliver  165  cfm  at  free  delivery.  This  performance  is  possible 
although  the  fan  is  only  2.8"  in  diameter,  2.3"  in  length  and  weighs  a  mere  14 
ounces. 

Variation  in  driving  motors  include  constant  speed  and  Altivar  designs.  The 
latter  automatically  vary  their  speeds  inversely  with  density  and  thereby  approach 
constant  cooling  with  a  minimum  of  power  drain  and  noise. 

Mounting  is  simplified  by  the  provision  of  “servo”  clamping  rims  at  either  end 
of  the  barrel.  Airflow  can  be  reversed  by  turning  the  fan  end-for-end.  Electrical 
connection  is  made  to  a  compact  terminal  block.  Power  requirement  is  400  cps, 
1  or  3  phase. 

Write  today  for  complete  technical  details  to  .  .  . 


Power  Supplies 
transistorized 

Ei.ec'ironic  Measurements  Co., 
Inc.,  Eatontowu,  N.  J.  A  new 
series  of  transistorized  jjower  sup¬ 
plies  feature  three-way  short  cir¬ 
cuit  protection,  including  a  high¬ 
speed,  all-electronic  circuit  breaker. 
Additional  features  are  remote  con¬ 
trol  and  remote  sensing.  The  re¬ 
mote  sensing  prosision  eliminates 
voltage  changes  at  the  load  due  to 
voltage  drops  in  the  leads.  This 


1  If  A  If  A1  mfg.  CO.,  inc 

WOODSTOCK,  NEW  YORK 
In  Canada:  The  Hoover  Co.,  Ltd.,  Hamilton,  Ont. 
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fc“.iturc  IS  of  special  \alue  when 
leads  are  long  or  the  load  draws 
high  currents.  Regulation  is  0.1 
|xrcent  or  0.01  v  for  extremes  of 
line  and  load.  Ripple  is  less  than 
0.001  V.  Circle  311  on  Reader 
Sersice  Card. 


Data  Processor 
desk-top  type 

'I’ai.i  KR  &  CooPF.R  Inc.,  73  I'  ront 
St.,  Kr(K)klyn  1,  N.  Y.  A  new  data 
processor  for  use  with  tabulating 
equipment  and  svstems.  and  com¬ 
puters,  cuts  tabulating  card  files  bv 
SO  |x.'rcent  and  increases  produc¬ 
tivity  by  100  percent.  The  device 
accepts  fixed  data  from  tabulating 
or  edge-punched  cards  and  variable 
data  through  its  simple  kcvlxiard. 
riic  two  data  inputs  are  automati¬ 
cally  combined  and  punched  out  on 
tape,  riie  tape  output  can  Ik-  fed 
directly  to  a  cxmipiiter,  or  to  a  tape- 
to-c-ard  converter  for  use  in  tabulat¬ 
ing  machines  and  systems.  C'ircic 
312  on  Reader  Service  Card. 


•  •  '•!  •  m  ii 


NOW  AVAILABLE! 

new  RADIATION,  INC. 

Short  Form  Catalog  1-58 


Brief, 

fosy-fo-Reod 
Specifications  on 

_  Latest  Radiation, 

M  Equipment 


vjsSlf  miJil 


SEND  FOR 
YOUR  COPY 
TODAY! 


•  TELEMETERING  EQUIPMENT  •  RECORDING  SYSTEMS 

•  TEST  EQUIPMENT  •  DATA  PROCESSING  EQUIPMENT 

Designed  and  built  to  exae'ting  specifications  for  use  where 
outstanding  reliability  and  ruggedness  are  absolute  require¬ 
ments. 

Use  coupon  below’  to  send  for  your  Radiation,  Inc.  Short 
Form  Catalog  1-58  and  to  receive  future  mailings. 


RADIATION 

IM€. 


Perstinnel 

Inquiries 

Invited 


Digital  Recorder 
1 1  column  entry 

I Ikwi.ktt-Packari)  Co.,  273  Page 
Mill  Road,  Palo  .Mto,  Calif.  Model 
560A  digital  recorder  prints  1 1 
column  digital  information  at  rates 
to  five  prints  per  sec.  .\lthough 
primarilv  designed  to  make  a  }K'r- 
maiicnt  record  of  electronic  counter 
read-outs,  it  can  be  used  with  two 
or  more  counters  simultaneously, 
digital  voltmeters,  time  recorders. 
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AVIONICS  •  ASTRIONICS  •  INSTRUMSNTATION 


RADIATION,  INC. 

P.  O.  BOX  37,  MELBOURNE,  FLORIDA 

r~)  Send  Catalog  Q  Send  me  future  bulletins 


COMPANY- 
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AT-101;  AHENUATOR  PANEL. 
TYPICAL  COMBINATION:  AT-106H, 
0^120  DB  IN  1  OB  STEPS. 


Empire’s  UHF  attenuators  are 
resistive  coaxial  networks  for  the  fre¬ 
quency  range  from  DC  to  4000  MC. 


Accuracy  is  held  to  ±V2  DB,  VSWR 
is  better  than  1.2  to  1.  Any  attenua¬ 
tion  values  up  to  60  DB  (120  DB 
for  Model  AT-106),  are  available. 
Deposited  carbon  elements  are  used 
for  stability  and  operations  at  higher 
pulse  levels.  Standard  impedance  is 
^0  ohms,  other  values  upon  request. 
These  units  have  excellent  tempera¬ 
ture  characteristics  and  are  vibration 
and  shock  resistant.  Standard  con¬ 
nectors  are  type  "N”,  attenuator  pads 
are  also  available  with  type  "C”. 


'The  attenuators  may  be  obtained  as 
individual  pads  (AT-50,  AT-60), 
or  as  multi-position  step  attenuators 
AT-103  (six  positions)  and  AT-104 
(twelve  positions) .  For  even  greater 
flexibility,  Attenuator  Panels,  Model 
AT-106  (two  or  three  step  attenu¬ 
ators  in  series  connected)  are 
recommended. 


120 


Spraciik  Ki.kctric  Co.,  North 
Adams,  Mass.  Snug-mount  Ccra- 
mite  capacitors  arc  designed  so  that 
there  is  no  coating  material  onlhe 
leads  below  the  final  encapsulation. 
Since  the  final  coating  is  always  a 
minimum  of  1/32  in.  above  the 
Ixittom  tangent  line  of  the  disk, 
these  capacitors  can  be  used  on  two- 
sided  or  plated-through  boards.  At 
the  same  time,  this  technique 


For  comp/«f*  tochnicof  information 
about  attonuators  for  your 
laboratory  or  production  noods, 
writ*  for  frmo  catalog. 
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for  p-c  boards 
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eXPOOT;  NCW  VOPK-MUrrsy  HM  2  3700 

EMPIRE  DEVICES 

PRODUCTS  CORPORATION 

AMSTERDAM.  NEW  YORK 

T*l«phon«:  Victor  S-8400 

0nanufoctur»r$  of 

flElD  INTENSITY  METERS  •  DISTORTION  ANALYZERS  •  IMPNISE  CENERAIORS  •  COAXIAL  ATTENUATORS  •  CRYSTAL  MIXERS 


WHATEVER  YOUR  UHF 
ATTENUATION  NEEDS... 


AT-104:  12  POSITION  STEP  ATTENUATOR 
USING  AT-SO  ELEMENTS. 

DC  TO  4000  MC. 


A  COAXIAL  UNIT  FROM 


flowmeteriiig  equipment  and  sys¬ 
tems,  such  as  telemetering  installa¬ 
tions  and  engine  test  stands.  In 
addition  to  the  printed  tape  record, 
model  560A  provides  an  analog 
eurrent  or  voltage  output  to  drive 
a  galvanometer  or  potentiometer 
strip  chart  recorder  or  to  provide  a 
seno  control.  Circle  313  on  Reader 
Service  Card. 


EMPIRE  DEVICES 


WILL  MEH 


YOUR  REQUIREMENTS 


Power  Supply 
transistorized 


QuAN-  Trxii  Labor.atoriks,  Morris¬ 
town.  N.  I.  Mixlel  104  is  a  depend¬ 
able  d-c  power  supply  for  all  appli¬ 
cations  requiring  excellent  regula¬ 
tion  and  low  ripple.  It  is  completely 
transistorized  and  has  a  low  internal 
impedance  of  less  than  0.03  ohm, 
d-c  to  10  kc.  The  three  voltage 
and  current  ranges  are  accurately 
metered.  Overload  protection  is 
provided  for  the  current  meter, 
with  automatic  reset.  Coarse  and 
fine  voltage  controls  facilitate  pre¬ 
cision  settings.  Circle  3H  on 
Reader  Senice  Card. 
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Get  out  your  pencil  and 

Help  yourself  to 
electronics'  READER  SERVICE 
it's  free-it's  easy-it's  for  your  convenience 

Each  Advertisement  and  New  Product  item  is  numbered. 

For  more  information,  simply  ,  ,  , 

(1)  Circle  number  on  postpaid  card  below  that  corresponds  to 
number  at  the  bottom  of  Advertisement,  or  New  Product  item. 

(2)  Print  your  name,  title,  address,  and  firm  name  carefully. 

It  is  impossible  to  process  cards  that  are  not  readable. 


*  FOR  SPECIFIC  ITEMS  IN 
MULTI  PRODUCT  ADVERTISEMENT 

Certain  multi-product  odvertitomentt 
contain  Reader  Service  numbert  for 
each  product. 

For  multi-product  odvertiiementi  that 
ore  not  keyed  for  Reoder  Service,  in¬ 
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NSW  PRODUCTS  RKLKASBS 


TO:  ALL  MANUFACTURERS 

FROM:  electronics 


electronics  publishes  all  new  product  items  of  inter¬ 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provide?  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in¬ 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
the  editorial  pages  of  electronics. 


ELECTRONICS 
Reader  Service  Dept. 
330  West  42nd  Street 
Nev/  York  36,  N.  Y. 


t<t.  Postage  Will  Be  Paid  By 


ELECTRONICS 
Reader  Service  Dept. 
330  West  42nd  Street 
New  York  36,  N.  Y. 


avoids  lead  breakage  under  scxerc 
incchanieal  xibratioii  wbich  has  oc¬ 
curred  with  the  hooked-lead  capaci¬ 
tors  used  on  printed  wiring  Ixiards. 
Suug-inount  Cera-mites  do  not  have 
any  exposed  electrode  or  ceramic. 
C'ircle  515  on  Reader  Scrsice  Card. 


Lighted  Push-Bar 
magnetic  hold-in 

Rvoak  Rki  ays.  Inc..  2120  Pontius 
.\ve.,  I.OS  .\ngeles  25.  Calit..  has 
developed  a  lighted-noiuenclature 
push-bar  with  magnetic  hold-in 
pros  isions.  When  lamps  in  the 
switch  arc  lighted,  they  may  be  de¬ 
energized  b\  depressing  the  Ixir 
which  is  then  held  in  position 
magneticallv.  'Mie  Ixir  returns  to 
its  original  position  bv  spring  ac¬ 
tion  wben  the  circuit  is  de-ener¬ 
gized.  nie  magnetic  hold-iii  pro¬ 
vision  mav  Ik  manually  overriden 
if  desired.  Circle  516  on  Reader 
Service  Card. 


T\vo  ways  to  look  at  voltage  —  only  one  way  to  read 
it  accurately,  to  the  fraction !  When  volt-splitting  is  vital, 
you  need  a  beckman  Expanded  Scale  Voltmeter. 

Why  expanded  ?  To  make  accuracy  meaningful.  Look  at  the 
BECKMAN  meter  above.  It’s  accurate  to  d:  0.16  volt!  And 
you  can  read  it,  easily,  to  0.05  volt . . .  because  resolution  of  the 
expanded  scale  is  ten  times  that  of  its  conventional  competitor. 

Choose  from  126  standard  models . . .  AC  or  DC . . . 
commercial  or  ruggedized ...  in  a  variety  of  shapes,  sizes  and 
voltage  ranges.  Need  color  coding,  special  ranges,  assemblies? 
Yours  for  the  asking.  Send  for  data  file  A  94. 


Test  Set 

for  timing  relays 

C  \’  CoM  Roi.s  Inc..  llollywcHKl 
Flazj.  Last  Orange.  N.  |.  timing 
relay  test  set  testing  up  to  ten 
relavs  simultaneously  is  designed 
for  users  who  make  receiving  in- 
s|xctiou  or  lab  tests  m  moderate 


Hrlipot  Corporatkm.  Newport  Beach.  California 
a  diviaion  of  Beckman  In.-drumenls.  Inc. 
Enfineerinf  repreaentativea  in  27  cities 


Hellpot' 


potentionieter^i . . .  dials . . . delay  lines. . . ex|>an<teH  Hcale 
mttti*. » •  rotalinf  compooaota . . .  breadboard  parts 
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at 


rctfic 

in  Southern  California 


MISSILE  6UIDANCE 
EN6INEEIS 

AIRBORNE  RADAR 
ENGINEERS 

TELEMHERING  ENGINEERS 

SONAR  & 

ANTISUBMARINE 
WARFARE  ENGINEERS 

MARINE  HYDRAULIC 
ENGINEERS 


There  ere  important  positions 
available  in  these  small,  inde¬ 
pendent  engineering  groups  at 
Bendix-Pacific  for  engineers  at 
all  levels.  Bendix-Pacific  is  par¬ 
ticularly  interested  in  strong, 
analytical  engineers  who  have 
the  calibre  and  capabilities  to 
advance  into  systems  engineer¬ 
ing  programs. 


Pleat*  writ*  W.  C.  Walker 
r*ur  qualificaliefit  er  fill  In 
the  coupon  and  mail  it  today. 


W.  C.  Walker,  Entlaaarine  Emalaym't  Mgr. 
BendU-Pacific,  Baadix  Aviatian  Carp. 

11  BOO  Skarman  Way,  N«.  Hellywadd,  Calif. 

I  am  Interested  in  (check  one) 

□  Electrical  □  Mechanical  Engineering 

I  am  a  graduate  engineer  with - - 

_ _ _ _ degree. 

I  am  not  a  graduate  engineer  but  have 
_  years  experience. 


or  liigli  volume.  Tests  of  normal 
operate  time,  saturate  release  time, 
or  release  time  after  predetermined 
heating  can  lx-  made  on  either  j 
normallv  open  or  normallv  closed  j 
timing  relays.  The  test,  once 
started,  proceeds  automaticallv  and 
the  operator  is  released  for  other 
duties.  Circle  317  on  Reader  Sers-  ! 
ice  Card. 


Panel  Meter 
antiparallax  scale 

M. srion  F.i.f.ciricai.  Insiritmf.nt 
Co.,  Grenier  Field,  .Manchester, 

N.  11.  \  new  antipKirallax  scale 
that  places  dial  markiitgs  in  the 
same  plane  as  the  pointer  has  Ix'cn 
designed  for  use  with  the  M\l-3 
3i  in.  Medalist  meters.  I  he  cali¬ 
brated  portion  of  the  scale  is  raised 
from  the  dial  face  and  is  in  the 
same  plane  as  the  pointer.  'Hie 
pointer  tip  swings  under  the  scale 
so  that  calibration  marks,  from  any 
angle,  appear  to  be  a  amtinuation 
of  the  pointer,  thereby  eliminating 
anv  errors  due  to  parallax.  Circle 
318  on  Reader  Scrsice  Card. 


Delay  Lines 


Control  Eloctronicx  Co.  Inc.  Ii  •  leading 
dexignpr  and  ma»  producer  of  electromag¬ 
netic  Delay  Lines.  A  reprasentatlve  group  is 
shown  here  with  the  available  ranges  of 
delays,  bandwidths  and  impedances,  further 
information  is  readily  available  from  our 
Engineering  Dept. 

buIlt  to  mil  specs,  fast  prototype 
'service  .  .  .  DELIVERY  1  TO  3  WEEKS. 


Distributad  Constant 


CEC  DISTRIBUTED  CONSTANT  OEUV  LINE 
FEATURES 

•  Lowest  cost  -  reliable  performance 

•  Maximum  delay  to  rise  time  retloa 

•  Maximum  delay  per  cubic  Inch 

•  Delays  to  30  ,x/ secs. 

•  Impedances:  200  to  10,000  A 

•  Bandwidths  to  20  mes 

•  Linear  phase  shift 


Variabto 

Oolay 

Lines 

Infinite,  Incremental 
or  decade  variable 
delay  lines  available 
in  any  range  of  de¬ 
lays  and  impedances. 


Constant  Delay  Lines 


DELAYS  TO  20,000  MICROSECONDS. 
BANDWIDTHS  to  500  MCS. 

Zo  FROM  SO  TO  10,000  OHMS. 


Melti-' 

tapped 

Lwnped 

Censtants 
aveilahia 
In  many 
CMflgpratfens 


Rectilinear  Pot 
small,  compact 

DkJur-Amsco  Cork  ,  -43-01  North¬ 
ern  Blvd.,  Long  Island  City  1,  N. 
Y.  Series  RP-123  miniature  trim¬ 
ming  pot  meets  environmental 
specifications  of  MlL-R-19.  It 
measures  only  IJ  in.  in  length  and 
is  available  in  a  complete  range  of 
resistances.  A  multifinger  contact 
brush  travels  along  the  wirevvound 
resistance  element  which  is  per¬ 
manently  bonded  to  the  card  to 
eliminate  loose  turns  or  shifting 


Syttem  D«lay  Lines 


CONTROL  ELECTRONICS 
CO.,  INC. 


10  Strpof  Plocc 
Huntington  Station,  New  Yofli 
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wires.  Insulation  on  wire  is  rc- 
nioxed  by  a  unique  prrKess  without 
altering  cross-seetion  or  winding 
resistance.  Circle  319  on  Keadei 
Sersicc  Card. 


Pulse  Transformer 
miniaturized 

KSC  CoRP.,  534  Bergen  Blvd.. 
Palisades  Park.  N  J.  A  new  series 
of  miniature  pulse  transformers  are 
only  il  in.  long  with  an  o.d.  of  1  in. 
rhev  are  available  as  blocking  oscil¬ 
lator  pulse  transformers  covering  a 
range  of  pulse  widths  from  0.05 
/isec  to  2.0  (iftcc,  and  pulse  coupling 
transformers  covering  a  wide  range 
of  impedance  ratios  and  pulse 
widths.  Circle  320  on  Reader  Sers- 
icc  C'ard. 


Fairchild’s  Sub-Miniature  Rate  Gyro  Has 

FULLY  CONTROLLED  DAMPING 


Insulation  Tester 
completely  mobile 

Peschki.  F.i.ectronics.  Inc.. 
R.F.n.  No.  1.  Patterson,  N.  Y.,  an¬ 
nounces  a  120  k\  high  \oltage  d-c  I 
test  set,  a  completely  mobile  one  j 


AT  rile  To  Dept.  22H 


COMPONENTS  DIVISION 


CONTROLS  CORPORATION  „  ‘ 

HKksvRIf  c  I ,  N  Y.  In  Cat 

Potpnttometers  •  Gyrot  •  Prnsure  Transducers  •  Accelerometers 
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OTHER  FAIRCHILD  OUTSTANDING  CHARACTERISTICS 


INPUT  RATES  ±20  to  ±800 

(Fall  Seals)  deiree/second 

SIZE  A  WEIGHT  15/16"  dia.  x  2"  lone 
—  2  ounces 
MOTOR  2«r3phase; 

6.3V  or  26V  AC 


OUTPUT  6  volts,  400  cpS, 

phase  sfeniltive 

LINEARITY  0.1%  to  half  scale 
3.5%  to  full  scale 
NULL  15  to  40  fflv  total 

dependini  upon 
maximum  rate 
and  damping. 


Only  Fairchild's  Rate  Gyro — has  uniCorm.  constant  damping 
for  any  required  percentage  of  critical  within  15%  and  over 
the  entire  operating  temperature  range  of — 40’  to  -f  200*F. 
This  is  accomplished  by  varying  the  damping  area,  using  the 
damping  medium  as  a  sensing  device  which  varies  with  tem- 
per<rture  changes. 

TAKES  100  g’s  OF  SHOCK 

Only  Fairchild's  Miniature  Rate  Gyro  takes  100  g’s  of  shock 
and  15  g’s  at  2000  cps  vibration  even  at  rates  as  low  as  20* 
per  second.  This  .high  shock  resistance  is  due  in  part  to 
Fairchild’s  exclusive  design  feature  which  does  not  require 
the  torsion  bar  to  act  as  a  supporting  medium. 


P- 


MEET  MIL  SPEC  E4970 


piece  unit  which  can  be  rolled  to 
the  job,  for  lab  or  production  di¬ 
electric  testing  of  insulation  on 
large  motors,  generators,  transform¬ 
ers,  bushings,  cable.  It  is  used  for 
nondestructive  evaluation  of  insula¬ 
tion  quality— for  quantitative  tests 
to  determine  nature  and  degree  of 
fault  and  possible  life  expectancy 
of  insulation.  Circle  321  on  Reader 
Service  Card. 


<-#  Ki 


Meeting  military  specifications  is  prac¬ 
tically  an  everyday  occurrence  at  Raytheon. 
But  each  one  has  a  special  interest. 

We  thought  you  might  be  interested  in  how 
a  magnetic-amplifier  regulator  met  MIL 
SPEC  E4970.  The  details  are  available  to 
the  more  academically  inclined.  We  will 
simply  relate  the  results: 

Service:  400  cycles 

Power :  900  watts 

Input:  95  to  125  volts 

Output:  115  volts  ±)i% 

Harwonic  distortion:  ±3% 

The  next  time  you  have  to  meet  military  or 
your  own  rigid  specifications,  we'll  be 
happy  to  go  along. 


Reflex  Klystrons 
for  X  and  K  band 

1  EiTF.L-McCm.LoiiCH,  Inc.,  San 

I  Bruno.  Calif.  'Fhe  1K20  series  of 

I  ceramic-metal  X-and  K-band  reflex 

I  klystrons  consists  of  four  light¬ 

weight,  ruggedized  tubes  that  coscr 
the  8,500  to  11,700  me  range  at 
output  power  lesels  to  50  mw. 
TTicy  will  withstand  vibration 
lesels  of  15  g  in  any  reference 
plane,  with  less  than  100  kc  fre¬ 
quency  deviation.  Rated  for  use  at 
any  altitude  they  arc  consers  ativelv 
rated  at  -f  250  C  seal  temperature. 
Circle  322  on  Reader  Service  Card. 


Our  slide  rule  and 
tuxedo  are  ready  at  a 
moment's  notice. 
Simply  contact : 


VOLTAGE  REGULATOR  MAN 
Raytheon  Manufacturing  Company 
Magnetic  Components  Department 
Section  6120 

Waltham  54,  Massachusetts 


RAYTHEON 


Excellence  in  Electronics 


Bobbin  Cores 
new  type  cap 

Magnetics,  Inc.,  Butler,  Pa.,  has 
available  tape  wound  bobbin  cores 
capped  with  a  tough  glass  polyester 
which  offers  complete  core  protec¬ 
tion.  “Poly  Cap”  bobbin  cores  of¬ 
fer  economics  in  haivlling  and  pro- 
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(luction  since  the  rigid  structure  of 
tlic  c-ap,  which  will  not  distort  with 
tcin|K-raturc  cliangcs,  allows  com¬ 
plete  freedom  of  handling  on  the 
assembly  line  without  the  use  of 
tsveezers  or  special  tends.  High  per¬ 
meability,  along  with  the  small 
core’s  abilits  to  switch  from  posi- 
ti\e  to  negatixe  saturation  in  a  vers- 
few  microseeemds.  makes  the  cores 
high!)  suitable  for  use  in  pulse  ap¬ 
plications  in  electronic  computers. 
Circle  ^25  on  Reader  Service  Card. 


Precision  Pot 
low-capacitance 

I’ricisi<»n'  Link  Inc..  6s  Main  St., 
Mavnard,  Mass.  Menlcl  RP20  pre¬ 
cision  jx)t  has  Ik'cii  designed  csjk- 
cialb  to  reducx’  the  element-to- 
ground  and  elcment-to-clcmcnt 
cap;icitance  to  the  minimum.  Isola¬ 
tion  of  the  slip  ring  and  resistancr 
winding  b\  design  and  the  use  of 
phenolics  where  metal  is  normallv 
used  has  resulted  in  iiiterelement 
ca|).icitance  and  capacitancc-to- 
groiind  of  appro\iiiiateb  1 1  /i/if 
with  low  inductance.  'Hie  pot  is 
axailable  m  linear  and  s  to  I  tajX'r 
and  resistance  to  1 00. ()()()  ohms.  It 
max  Ik‘  ganged  up  to  s  units.  Circle 
^2-4  on  Reader  Service  Card. 


Moisture  Monitor 
0-20,000  ppm  range 

CoNsrn  in.vi i  n  Ki.i  c i  rouvnamics 
CoRP.,  ^00  \.  Sierra  Madrc  Villa, 
Pas;Klena.  Calif.  Iyp<-'  26-^02 
moisture  monitor  will  measure  wa¬ 
ter  content  accuratclx  down  to  10 
ppm  fnll-sc“ale  and  permit  precise 


PROJECT: 

QUALITY 


f  jperimtntpl  Voevum  Meftmf  Fwmoce 


-on  every 

electrical  and  electronic  application 
because  . . .  from  ingot  to  final 
inspection,  every  test  known  to 
science  safeguards  the  quality  of 
Wilbur  B.  Driver  Precision  Alloys. 
These  tests  assure  performance  as 
specified!  Why  not  consult  a 
Wilbur  B.  Driver  sales  engineer  for 
recommendations  on  precision 
alloys  for  your  applications. 


CHffmicol  lobofotorir 


Wilbur  B.  Driver  Co. 

NEWARK  4,  NEW  JERSEY  | 


ELECTRONICS  engineering  issue  —  September  26,  1958 


CIRCLE  SB  READERS  SERVICE  CARO 
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advancement 
in  instrument 
design 


•wntif  iucrtotttcs  Aicm  rm  tvr 

meters 
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Programming  System 
light-weight 

AMP  Inc.,  Harrisburg,  Pa.,  has  re¬ 
leased  a  new  light-weight  pateheord 
prograniniing  system  designed  for 
split  second  reprogramming  of  air- 


'eet »  * 


COti 


work 


the  fields  of  the  future  at  NAA 


meter  readings  over  the  range  of 
0-20,000  ppm,  by  means  of  a  6- 
position  attenuator.  The  output  of 
the  analyzer  can  be  telemetered 
to  a  remote  recorder  for  monitor¬ 
ing  or  control.  llie  new  instru¬ 
ment  can  help  sohe  many  prob¬ 
lems  in  research,  quality  control, 
and  process  efficiency  studies.  Cir¬ 
cle  ^25  on  Reader  Sersice  Card. 


ELECTRONICS 

ENGINEERS 


Viork  on  America  s  moat 
arlvaneeri  weapon  avatema 


The  WS-llOA  and  WS-202A 
are  typical  of  the  top-level 
proj«‘ts  currently  under  way 
at  North  American.  NAA’s 
work  on  these  far-advanced 
weapon  systems  has  created 
outstanding  career  opportii- 
nith's  for  engineers  qualified 
in  Flight  Control  Analysis, 
Reliability  Analysis,  Flight 
Simulation,  and  Systems 
Analysis. 

We  have  immediate  openings 
in  applied  research  on  ra- 
dome  development,  antenna 
development,  infrared,  and 
acoustics. 

Minimum  requirements  are 
actual  experience  plus  B.S. 
and  advanced  degrees  in  E.E. 
and  Physics. 

For  more  information  please 
write  to:  Mr.  F.  J.  Stevenson. 
Engineering  Personnel.  North 
American  Aviation,  Inc.,  Los 
Angeles  4.5,  California. 

THK  UOS  ANaRLRS  DIVISION  OP  /V 

NORTH  -T^ir 
AMERICAN 
AVIATION,  INC. 


CIin23Es 

PRECISION 
10  WATT  POWER 
i  PADS 


50  OHM 

IMPCDANCC 


Connectors:  *  N 
Model  1  0  biloterol. 
Model  1  1  female  input 
Model  13  male  input 


•  Mosimutn  Input  VSWR.  1.15. 

•  Ratlilari:  ArtiScially  aged. 

•  Maximum  Davlotlon  at  Iniar- 
Hmi  lot*  from  Nominal:  ±0.2 
Dt  lincludRt  frasutney  Mndtivlty 
and  DC  inoccurocyl. 

•  Calibration  Fraquanclat:  DC; 
400  MC;  750  MC;  1000  MC. 


Wemschel  Engineering 

KENSINGTON,  MARYLAND 
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(MFINITE  RESOLUTION 
THROUGH  TRUE  "STETIESS’ 
SHOE  WIRE  ACTION 


capacity  heat  transfer  surfaces, 
'I'hes  arc  designed  to  operate  un 


INFINITE 

RESOLUTION  SPIRALPOT® 


Iknnf.y  Kncinfk.rinc.,  Lnc-  low 
Springfield  Rd.,  Union.  N.  I.,  has 
dcseloped  a  new  line  of  high 


degree  of  heat  exchange  for  ciKiling 
and  hc-ating  pnrjxises.  Units  arc 


Quantity  production  now  mokos  tho  popular  10  turn  1000  ohm 
Modol  85175  Spiralpot  available  for  immediate  delivery. 

Designed  to  eliminate  hunting  in  sensitive  servo  systems, 
the  Spiralpot  finds  many  applications  where  infinite  reso¬ 
lution  and  precise  linearity  are  required.  Only  1.5  inches 
in  length  and  1.5  inches  in  diameter,  this  rugged  instru¬ 
ment  mounts  identical  to  wire-wound  types  and  can  be 
used  as  a  direct  replacement  in  many  cases.  Low  induct¬ 
ance  and  capacitance  effects  make  it  ideal  for  AC  as  well 
as  I>C  applications. 

Standard  85175  Spiralpots  are  available  in  three  or  ten 
turn  models  with  resistance  ranges  from  50  to  250  ohms 
per  turn.  For  special  applications,  the  unit  can  be  supplied 
with  resistance  ranges  as  low  as  two  ohms  per  turn  and 
linearity  to  ±0.05%  .  Other  Spiralpot  models  are  available 
with  synchro  mounting,  in  resistance  ranges  to  625  ohms 
per  turn,  and  for  use  at  elevated  temperatures. 

For  complete  information  on  these  versatile  infinite  reso¬ 
lution  poteptiometers,  write  for  Spiralpot  Bulletins. 
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IMMEDIATE  DELIVERY 


±  0.1%  Linearity  1  10  TURNS 


1,000  OHMS 


Heat  Exchangers 
high  capacity 


Ut'B-l’oT  Inc.,  1242  K.  rraiisit  St.. 
Pomona.  Calif.  Model  HP-IM  H 
-turn  miniature  |>ot  in  1  m.  m 
diamctiT  with  a  case  1  >9  64  m.  ; 
long  and  with  a  k  in.  cr  f  in. 
slotted  shaft  that  is  1 1  16  in.  long. 

It  features  low  torque  and  Intter 
resolutions.  Standard  lesistanei' 
\alucs  are  from  SO  ohms  to  1  ^0 
K  ohms.  Unit  will  dissi|xite  4  w  at 
40  C  and  will  perform  perfeeth 
under  shock,  vibration,  accx'leration 
and  temperatures,  from  —  6i  to 
-f-H>  C.  Circle  428  on  Reader 
Sen  ice  Card. 


Giannini 


NSW  JSRSSY  DIVISION 


borne  circuitry.  Tire  .\-MP240 
weighs  4i  Ih  and  is  miniaturi/cd  to 
conserxe  space.  Reiiu)\able,  pre- 
jxitched  boards  make  complete  cir¬ 
cuitry  reprogramming  possible  in  a 
matter  of  seconds.  Seating  of  jiatch- 
cord  pins  arc  designed  for  shock 
resistancx.  Patented  wiping  action 
assures  pre-cleaning  of  contact 
springs  and  tajKr  pins.  Circle  427 
on  Reader  Sers  ice  Card. 


Miniature  Pot 
1 5-turn  unit 


MARCONI 

TEST  SETS  FOR 
MOBILE  RAOlO  TESTING 


Designed  for  precision  performance  in 

■N*  /tsee/rar  alignaiMt 

*  Slgiial‘to-noi$0  m»a$urem»nt 

*  DItcrimlnator  tasting 

-N-  Chacking  rf  and  audio  outputs 
^  Daviation  maasuramant 

. . .  All  you  need  for  fast  field  testing  of  fm  transmitters  and  receivers  is 
here  in  these  two  complementary  instruments,  tailored  for  mobile  radio 
measureuKnts. 


Each  is  lightweight,  portable,  and  quality-engineered 

throughout.  Tubes  and  crystals  are  all  American  types.  Send  for  leaflet  Blll/B. 


Ill  CEDAR  LAN f  •  ENGLEWOOD  •  NEW  JERSEY  •  Tal i  LOwall  T-«M7 
CANADA  :  CANADIAN  MARCONI  CO  •  M3S  COTE  DE  LIESSE  •  MONTREAL  « 
MARCONI  INSTRUMENTS  LTD  •  ST.  ALRANS  •  HERTS  •  ENGLAND 


expected  to  find  increased  utility 
in  a  wide  range  of  industrial  and 
military  applications  as  oil  and 
fuel  coolers,  air  to  air  exchangers, 
liquid  to  air  exchangers,  liquid  to 
liquid  exchangers,  saturated  vapor 
to  air  exchangers,  and  as  ex'apo- 
rators  and  condensers  for  compart¬ 
ment  cooling.  Circle  T29  on 
Reader  Service  Card. 


Beam  Power  Tube 
small  in  size 

RAnio  CoRp.  OF  .\mkr1ca,  Harri¬ 
son,  N.  J.  The  7212  is  a  small 
beam  piowcr  tube  designed  specifi¬ 
cally  for  applications  where  depend¬ 
able  performance  under  sesere 
shock  and  vibration  is  essential.  It 
is  useful  as  an  r-f  power  amplifier 
as  well  as  an  a-f  power  amplifier 
and  modulator.  Maximum  plate 
dissipation  is  25  w  under  ICAS 
conditions  in  modulator  serv'ice  and 
in  c-w  sersice.  In  the  latter  sen- 
ice,  it  can  be  operated  with  full 
input  to  60  me  and  with  reduced 
input  to  175  me.  Circle  350  on 
Reader  Service  Card. 


Power  Supply 
high  temperature 

'I’hk  Davkn  Co.,  Livingston,  N.  |., 
has  developed  a  new  high-tempera¬ 
ture,  regulated  transistor  power 
supply,  scries  60A,  for  missile  and 
airaaft  applications.  Units  have 
been  proven  during  lengthy  test 
procedures  ideally  suited  to  pro¬ 
vide  the  power  required  for  highly 
sensitive  command,  guidance  and 
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ACTUAL 

SIZE 


NEW  GENERAL  ELECTRIC 
BEAD  SIZE  THERMISTORS 


At  tk«  («bulout  EUctrenict  industry  nd* 
vnncus,  CORNISH  Wiras  and  Cablat  ttrida 
alon9  In  cadanca.  For  Miparior  alactrical 
ckaractaristiet,  bruta  ttamina  and  alUaround 
(afltfaetSon  —  bo  SURE  —  spacify 
CORNISH.  Wa  wolcoma  inquiria* 


Now  G-E  "taod  Siis"  Tharmittort 
0  034  (1000  ohmi  at  2S«  C)  and 
D-OSI  (20,000  ohmt  at  230  C) 


BETTER  TOLERANCES 
...  FOR  LESS  COST 


CORNISH  WIRE  CO.,  mc.  SO  Ckureh  St..  Now  York  7,  N.  Y. 

- —  lEPOEtENTATIVES - — 

ATLANTA  IRIOGErORT  0  CHARLOTTE  0  CHICAGO  0  CINCINNATI 
CLEVELAND  0  DALLAS  DENVER  « DETROIT  4  KANSAS  CITY 
LOS  ANGELES  4  MINNEAPOLIS  4  PHILADELPHIA  PITTSRURGH 
ROCHESTER  4  ST.  LOUIS  4  SAN  FRANCISCO  4  SEAHLE  4  WILLIAMSTOWN 
4  Stock  earrlod  _ 


G.E.’s  new  “bead  size”  D-050  se¬ 
ries  thei'mistors  are  available  with 
resistances  from  1,000-20,000  ohms 
at  25*  C.  These  .05-inch  diameter 
disc  thermistors  provide  lower 
thermal  time  constants  and  are 
available  for 250*C  maximum  oper¬ 
ating  temperature  (standard.  150* 
C),  You  can  buy  them  economi¬ 
cally  with  resistance  tolerances  of 
only  ±5%  (standard,  ±10%). 
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NEW  THERMISTOR  MATERIALS 


Elxtensive  research  has  added 
many  new  thermistor  materials  to 
the  G-E  line.  These  can  now  be 
used  in  a  wide  variety  of  design 
applications  not  previously  cov¬ 
ered  by  grade  1  and  2  materials. 


COMPLETE  RESISTANCE  RANGE 


G-E  thermistors  can  be  supplied 
in  sizes  from  .05  up  to  3  inches 
with  resistance  values  from  1  to 
10,000,000  ohms,  and  temperature 
coefficients  of  resistance  from 
—1%  to  —5%  at  25*  C.  For  more 
technical  information  or  the  as¬ 
sistance  of  a  G-E  engineer,  write: 
Magnetic  Materials  Section,  Gen¬ 
eral  Electric  Company,  7806  N. 
Neff  lilt'd^  Edmore,  Michigan. 


The  Post  Office  has  divided  106  cities  into  postal  delivery 
zones  to  speed  mail  delivery.  Be  sure  to  include  zone  number 
when  writing  to  these  cities;  be  sure  to  include  your  zone  num¬ 
ber  in  your  return  address  —  after  the  city,  before  the  state. 


h  (Xir  Mott 

GENERAL^ELECTRIC 
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TiJlU  tlUi  6olue 
4fOMA  UHF 
p/uoJpUm? 


100  200  300  400  SOO 

FREQUENCY  (MC) 


TUNABLE 

UHF  CAVITY  FILTER 
Model  310 


FREQUENCY:  200-430  Me. 
POWER;  300  want  C.W. 
INSERTION  LOSS:  Approx.  0.5  db 


TUNABLE  200-420  MC 
300  WAH  RATING 


’*0"  FAaOR;  Approx.  ISO 
VSWR:  1.3  (in  50  ohm  lytlom) 
SIZE;  9 'A"  dio.  X  9”  high 
PRICE:  $475  (quantity  pricot  on 
roquotll 


The  Model  310  Tunable  UHF  Filter  is  a  cast  aluminum  cavity,  silver- 
plated  for  low  loss  and  pressure-tight  to  prevent  the  entrance  of  moisture 
and  dust. 

Special  units  are  available  with  narrower  passbands  and  for  other 
frequency  ranges.  Also  available  are  dual  units  which  comprise  two  model 
310’s  in  cascade.  These  dual  units  have  a  much  steeper  cut-off  character¬ 
istic  for  a  given  bandwidth.  Write  for  technical  data. 


9  REDUCE  INTERFERENCE  bofwoon  odjoconl  IrontmiHor-rocoivort  oporating  in 
tamo  location. 

9  PROVIDE  PRESELECTION  for  rocoivort.  Roduco  imogot  and  othor  tpurlowt 
rotpontot. 

9  REDUCE  HARMONIC  RADIATION  from  trantmiHort.  (40  db  typical  for  tocond 
harmonic) 

9  multiplex  tovoral  rocoivort  or  Irantmittort  into  a  common  antonna. 


destruction  receixers;  or  for  any 
other  electronic  gear.  The  units 
permit  continuous  optcration  at  full 
load  in  an  ambient  temperature  of 
85  C  without  heat  sink.  Circle  331 
on  Reader  Serxice  Card. 


Steatite  Ceramic 
low  loss 


D.  M.  SiF.xvARn  Mfg.  Co.,  Chatta- 
n(X)ga.  I'enn.,  announces  produc¬ 
tion  of  a  nexx-  steatite,  S-500  ma¬ 
terial  classed  as  L-5,  Jan  Specs 
1-10,  It  is  an  extremely  dense, 
low  loss,  steatite  ceramic  which  can 
be  fabricated  to  close  tolerance  in 
pressed  or  extruded  machined 
shapes.  Glazing  can  be  xerx  easily 
added  and  grinding  facilities  are 
axailable  to  achiexe  tolerances  of 
:i:0.0005.  Circle  332  on  Reader 
Serxice  Card. 


RF  POWER  DIVIDERS 

The  ISO  and  300  series  broad¬ 
band  RF  power  Dividers  are  rated 
at  SOO  watts  and  cover  either  100- 
200  or  200-400  Me  range.  Standard  units  are  available  to  split  power  into 
3,  4,  S,  6,  7,  8,  9,  10,  11  or  12  parallel  outputs.  Source  mismatch  is  kept 
low  throu^  the  use  of  three-section  matching  transformer  within  the  divider. 
Units  are  sealed  and  weather-proofed.  Write  for  technical  data. 


ADAMS-RUSSELL  com..  .. 

292  Main  Street,  Cambridge  42,  Mast. 
Telephone:  UNiversity  8-8040 


Flutter  Meter 
wide-band  unit 

n&R.  Lid.,  402  F..  Gutierrez  St., 
Santa  Bartxira.  Calif.  Model  FL-4B 
xvideband  flutter  meter  is  designed 
for  precision  measurement  of  flut¬ 
ter  and  xvow  components  on  high 
speed  tape  transports,  keaturcs  in¬ 
clude  improxed  linearitx,  input 
band-pass  filters,  built  in  oscillo- 
saipe  for  xisual  flutter  presentation, 
internal  band-pass  filters,  drift  and 
nns  flutter  meters,  and  proxisions 
for  external  recording  of  flutter  in¬ 
formation.  Circle  333  on  Reader 
Serxice  Card. 
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IF  THIS  1$  YOUR  PROBLEM 

If  you  need  effective,  highly  reodable, 
smartly  illustrated  company  literotur* 

_  (booklets,  pamphlets,  manuols)  to  dis* 

.  play  your  products,  inform  the  public  of 
your  operations,  attract  key  personnel  to 
your  plant,  train  employees,  and  perform 
any  of  the  other  communicative  functions 
that  ore  vital  to  your  business  .  .  . 

THIS  IS  YOUR  AHSWER 

The  AAcGraw.Hill  TECHNICAL  WRITING 
SERVICE  has  a  staff  of  more  than  150 
highly-trained  writers,  editors,  and  illus* 
trotion  specialists  whose  job  it  is  to  create 
technical  and  general  literature  for  in* 
dustry.  We  write,  illustrate,  design,  and 
print  Equipment  Manuals,  Product  Bui- 
letins.  Handbooks,  Company  Histories, 
Annuel  Reports,  and  other  specialized 
material.  Save  money  and  tinte.  Let  our 
staff  be  your  staff  for  Technical  and 
Business  publications. 

This  service  Is  available  through  od  agencies. 
-  Write  e  Phone  - 

TECHNICAL  WRITING  SERVICE 

McOrew-Mill  Book  Co.,  Inc. 

ISO  W.  42nd  St.,  N.  Y.  34,  N.  Y. 
lOnfom  4-SOOO 


TOUGH 


tiny 


and 


TINY! 

I  >  2  inch  crost  lection 
7’/i  ounc*  bojic  weight 


touch  i 

Temperature  54  C  to  85  C. 
Vibnotion:  500CPS,  lOg 

Shock  30g  ' 

Hermeticolly  Sealed  Houcingt' 
Direct  Current  or  400  Cycle  Operotionl 
Stondord  or  Reverie  Clutching' 
Cuttom  Deiigoed  to  Meet  Militory  Specificotionil 
Vi/rite  lor  Bulletin  AWM  TD  502 


^MsItIaydon 

NOtIH  ILM  STIIIT,  WAT|ltUBY20  COMNICTICUT 

Design  wi*4  M*Awl»<tvre  •!  lle«tr«-Mle<ls«iB«««l  Oeekgt 


the  fields  of  the  future  at  NAA 


work 


CIRCLt  «t  RtADIRt  SIRVKC  CARO 


ELECTRO¬ 

MECHANICAL 

ELECTRONIC 

ENGINEERS 

A  BS  or  advanced  degrees  in 
EE,  ME,  or  Physics,  may 
qualify  you  for  a  rewarding 
career  at  North  American  Avi¬ 
ation.  in  one  of  these  fields; 

Flight  Control  Analysis, 
Beliahility  Analysis.  Flight 
Simulation.  Systems  Analysis. 
Eleetriral  Systems  Analy¬ 
sis  and  Design.  Mission  and 
Traffic  Control.  Fire  Control, 
Romhing  Systems.  Elec- 
trtmics  Svstems  Integration. 
Flight  Controls.  Ground  Sup¬ 
port  Equipment.  Airborne 
and  Electronic  Test  Equip¬ 
ment. 

Applied  Research  in  Ra- 
dome  Development.  Antenna 
Development,  Infrared,  and 
Acoustics. 

Please  write  to:  Mr.  F.  J. 
Stevenson.  Engineering  Per¬ 
sonnel,  North  American 
Aviation,  Los  Angeles  45, 
California. 

THR  LOS  ANSSLRS  DIVISION  OW 

NORTH  -T* 
AMERICAN  ^ 
AVIATION,  INC. 


Another  new  Raytheon  development 
in  microwave  ferrite  devices  •  •  • 


TO  ANTENNA 


Literature  of 


MATERIALS 


K|x)xv  Glass  laminate,  'i'hc 
Mica  Corp.,  40M  Klcncla  St.,  Cul¬ 
ver  City,  Calif.,  has  issued  a  21- 
page  technical  data  uuunial  eontaiu- 
lug  test  \alucs  and  curses,  plus 
speeificatiou  data,  ou  high  reliabil¬ 
ity  ejjoxv  gla.ss  copper  clad  aud  un¬ 
clad  laiuinates.  Circle  ^50  on 
Reader  Scrsicc  Card. 


Nuclear  I'Hel  Kleineuts.  Svlsauia- 
Corniug  Nuclear  Corp..  Basside, 
I,.  1..  N.  Y.  A  (i4  page  bihliographv 
contains  s06  refereuces  ou  prob¬ 
lems  conceruiug  solid  fuel  ele¬ 
ments,  such  as  fabrication  and  prop¬ 
erties.  Copies,  limited  to  one  per 
comjxmv,  mav  Ire  obtained  bv  writ¬ 
ing  on  companv  letterhead. 


ACTUAL  SIZE 

Kmythton  Kf  b*nd 
circulator 


Making  Magnetic  Tracks  Visible. 
Reeses  Soundcraft  Corp.,  10  K. 
■iZnd  St.,  Ness  York  22.  N.  Y.,  an¬ 
nounces  a  technical  bulletin  de¬ 
scribing  Magna-See,  a  non-toxic 
chemical  solution  sshich  makes  s  is- 
iblc  the  sound  track  recorded  on 
magnetic  ta|X'  aud  can  Ik-  used  for 
editing  aud  splicing  sideo  record¬ 
ing  tape.  Circle  on  Reader 
Senice  Card. 


Specifications  and  Performance  Data — Low-Power  Ke  Band  Ferrite  Circulators 

FREQUENCY  RANGE  13  to  14  KMC/S  AVERAGE  POWER  5  WATTS 

MAXIMUM  VSWR  1.2  IN  ANY  PORT  WEIGHT  6.2  OZ. 

INSERTION  LOSS  0.5  OB  MAX.  LENGTH  2H«  IN. 

ISOLATION  20  DB  MIN.  TEMPERATURE  RANGE  -55  to  130  C 


AVERAGE  POWER 

WEIGHT 

LENGTH 

TEMPERATURE  RANGE 


5 -Watt  K,  band  circulator 
weighs  only  6  oz. 


COMPONENTS 


Chokes.  National  Co..  Inc.,  61 
Sherman  St.,  Malden.  48,  Mass. 
.\  four-page  folder  dcscrilK-s  a  full 
line  of  chokes.  It  contains  illustra¬ 
tions  and  complete  s]x*cifications 
on  17  tvpes  including  ferrite  Ix-ad 
chokes,  ferrite  core  chokes.  MII.- 
iiiductance  chokes  and  r-f  chokes. 
Circle  ^52  on  Reader  Scrsicc  Card. 


Microwave  system  designers: 

Raytheon’s  new  line  of  three-port  circulators  has  now  been  extended 
to  meet  the  rapidly  growing  need  for  band  components  and 
equipment. 

Like  other  Raytheon  circulators,  this  2  A -inch  K^-band  unit  of 
piermanent  magnet  design  reduces  requirements  for  filters  and  klys¬ 
tron  isolation  common  to  systems  using  T-junction  duplexers. 
You’ll  want  to  learn  about  this  and  other  new  microwave  ferrite 

devices  including  isolators,  fer- 
-  switches,  modulators  and 

a  |M|  .  77  ^  1-.^  side-band  generators. 


Siilmiiniature  IX-lav  l.inc’i.  NY  I 
F.lectrouics,  liic.,  2979  N.  Ontario 
St..  Burbank.  Calif.  Bulletin  140 
descrilx's  a  small-si/e  new  series  of 
staiulard  dclas  lines  which  meet  re- 
c|uirements  of  Mil.  C-1  s40 v\. 
grade  1.  class  B.  Circle  4??  on 
Reader  Service  Card. 


- FOR  COMPLETE  DATA  FILE 

giving  specifications  and  perform¬ 
ance  data  on  12  isolators,  2  circu¬ 
lators,  new  X-band  switch  and  fer¬ 
rite  materials,  please  write  today 
to  address  below. 


Inflection  Systems  and  C-om- 
|xments.  Radio  Corp.  of  .\nierica. 
Camden,  N.  J.  .\  full  line  of 
precision  deflection  svstems.  and 
com|M)nent:>  designed  for  its  and 
broadcast  Gimcras  and  other  ert 
applications  are  descrilxd  and  illus- 
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the  Week 


tratcd  in  a  six-page  brochure.  Form 
3R-?295.  Circle  354  on  Reader 
Service  Card. 


EQUIPMENT 


Power  Supplies.  Kepco  Labora¬ 
tories,  Inc.,  131-38  Sanford  .\vc., 
Flushing  35,  N.  Y.  Catalog  B587 
describes  a  complete  line  of  voltage 
and  current  regulated  power  sup¬ 
plies  including  transistorized,  mag¬ 
netic  and  vacuum  tube  tvpes.  Circle 
355  on  Reader  Service  Card. 

F.lectronic  Apparatus  Racks.  Par- 
Metal  Products  Corp.,  32-62  49th 
St.,  Long  Island  City  3,  N.  Y. 
Catalog  No.  58  lists  and  illustrates 
a  complete  line  of  relay  racks,  cabi¬ 
nets,  panels  and  other  accessories. 
Circle  356  on  Reader  Service  Card. 


THE 

NEW  POTTER  "909' 


Particle  .Accelerators.  High  Volt¬ 
age  Fngincering  Corp.,  Burlington, 
Mass.  A  12-pagc  booklet  describes 
the  many  known  and  potential  ap¬ 
plications  of  both  Van  dc  Graaff 
and  linear  accelerators,  utilizing 
photographs  and  line  drawings  to 
point  up  significant  design  and  per¬ 
formance  features.  Circle  357  on 
Reader  Service  Card. 


Ike  rompacc  ’909’  Perforated  Tape  Strip  Reader  now  makes  it  possible 
to  process  information  from  perforated  tape  into  digital  data  computer 
s>'stems  at  high  speed  and  low  cost.  Simple  to  operate  by  clerical  personnel, 
the  '909'  is  completely  transistorized,  and  will  give  maximum  performance 
with  complete  reliability. 

The  *9<^’  is  a  compact  unit,  suitable  for  console  or  rack  mounting.  Here 
are  some  of  the  performance  features,  available  for  the  first  time  in  equipment 
of  this  type: 

•  Character  reading  speeds  up  to  1000 
char/scc. 

•  Simple  In-Line  threading 

•  3  Millisec  starting  time 

•  Stops  on  STOP  Character,  (0.2  millisec) 
and  will  read  next  character  after  start 

•  100  X  10*  operation  pinch  roll 

•  Photo  Diode  Head  reads  any  tape  (in¬ 
cluding  oiled  yellow  teletype  tape) 

•  Reads  5,  6,  7  or  8  level  tape  with 
sprocket  channel 

•  Ambient  temperature  up  to  125*  F.  with 
10,000  hour  life 

•  Built  to  meet  requirements  of  MIL-E- 
4158A 

Contact  your  Potter  representatUe  or  call 
or  write  direct  for  further  information. 


Military  Power  Supplies.  General 
F.lectric  Co.,  Schenectadv  5,  N.  Y. 
Bulletin  GFC-1496  provides  infor¬ 
mation  on  a  28-v.  200-ampere, 
ground  support  d<  power  supply. 
Circle  358  on  Reader  Service  Card. 


Speei(teatuHa 


FACILITIES 


Coil  Windings.  'ITic  Dano  F.lec¬ 
tric  Co.,  93  Main  St.,  Winsted, 
Conn.,  has  as-ailable  a  2-color 
catalog  cos'cring  its  \arious  coil 
departments  and  facilities.  Incorpo¬ 
rated  into  the  catalog  is  a  handv 
9-pagc  reference  section  dealing 
with  technical  coil  designing  data. 
Circle  359  on  Reader  Service  Card. 

Forced  .Air  Cooling.  McLean 
Fngincering  Laboratories.  P.  O. 
Box  228,  Princeton,  N,  J.  Purpose 
of  a  recent  fi-page  technical  booklet 
is  to  suppiv  engineering  informa¬ 
tion  on  thermal  design  and  to  sur¬ 
vey  methods  of  cooling  electronic 
components.  Circle  360  on  Reader 
Service  Card. 


Tape  Speed: 

10  to  100  ips 
Tape  Width; 

Any  Standard  Width 
Power  Requirements! 

115V,  60  Cycle,  1  Phase 
Control: 

Remote/Level  Inputs 


POTTER  INSTRUMENT  COMPANY,  INC, 

Sunnyside  Boulevard,  Plainview,  N.  Y. 
OVerbrook  1-3200 


Tae  mark  »f 
Engwetrimi  Quality 
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PLANTS  and  PEOPLE 


I  FI  Settles  in  New  Plant 


After  busting  out  of  its  old  shell 
in  Mineola,  N.  Y.,  Instruments  for 
Industri'  is  now  settling  into  a  new 
plant  in  the  Hicksville,  L.  I.,  indus¬ 
trial  park. 

The  ultramodern  38,000-sq  ft 
building  is  equipped  to  comfortablv 
house  IFI’s  research  and  engineer¬ 
ing  activities,  and  at  the  same  time 
phase  in  an  increasing  volume  of 
equipment  production. 

IFI  was  founded  in  1931  by 
Elston  H.  Swanson  around  a  nu¬ 
cleus  of  engineers  and  administra¬ 
tors.  The  firm  is  largely  dcs  oted  to 
countermeasures  work,  with  prime 
contracts  in  this  area  from  all  three 
sers  ices.  IFI  worked  in  the  develop¬ 
ment  of  the  repeater  t>  pc  of  active 
countermeasure,  in  which  hostile 


radar  signals  arc  received,  delayed 
and  Retransmitted  to  give  the  ap¬ 
pearance  of  many  targets  instead  of  * 
only  one. 

Engineering  work  on  this  and 
other  systems  was  IFFs  major  en¬ 
deavor  for  some  time.  Now,  with 
the  systems  phasing  into  produc¬ 
tion,  the  firm  was  pushed  into  ex¬ 
panding  to  make  room  for  the 
assembly  benches. 

Commercial  proprietarx-  products 
outgrowing  from  the  government 
work  arc  a  line  of  wideband  ampli¬ 
fiers  using  tra\  cling-wa\  e  tubes.  The 
finn  has  also  developed  a  novel — 
but  still  classified — delay-line  stor¬ 
age  device.  Director  of  engineering 
for  the  young  company  is  Eugene 
B.  Novikoff. 


will  permit  the  closely  integrated 
production  operation  required  b\ 
governmental  and  commercial  pre¬ 
cision  standards. 


Name  Patterson 
Chief  Engineer 

rnr;  newly-created  post  of  chief 
engineer  of  Sierra  Electronic  Corp.. 
Menlo  Park.  Calif.,  goes  to  Guv 
K.  Patterson.  He  will  direct  Sierra’s 
engineering  and  laborators’  pro¬ 
grams.  including  product  develop¬ 
ment.  He  previously  was  a  proj¬ 
ect  engineer  with  the  com|)any. 

Prior  to  joining  Sierra  in  19-18, 
Patterson  was  on  the  engineering 
staff  of  the  I’cdcral  Telecommuni¬ 
cation  I-alKiratories  in  New  York 
Citv. 


New  Pesco  Branch  in  Action 


Volume  production  of  precision 
generators  and  inverters  for  aircraft 
and  missiles  is  already  under  way 
in  the  new  $1  million  plant  of 
Western  Branch,  Pesco  Products 
Division,  Borg-W'arner  Corp. 

Situated  on  a  large  expandable 
site  in  Burbank,  California,  the 
new  plant,  with  Allen  T.  Puder  as 
operations  manager,  will  house  of¬ 
fices,  engineering  laboratory  and 
manufacturing  facilities.  Impor¬ 
tant  products  now  in  manufacture 


include  the  Pesco  permanent  mag¬ 
net  alternator  and  rotary  inverters 
used  in  many  of  the  major  missiles 
and  supersonic  aircraft.  As  a  re¬ 
sult  of  extensive  development  work, 
static  inverters,  meeting  rigid  space 
age  requirements,  will  be  in  produc¬ 
tion  by  the  end  of  the  year. 

Ibe  Ticvv  facility  brings  together, 
in  one  location,  the  three  segments 
of  the  company  previously  situated 
in  Sherman  Oaks,  North  Ilolly- 
vv(K)d,  and  Azusa,  California,  and 


Hock  Advances 
At  Technitrol 

Appointment  of  Roy  I  lock  as 
chief  engineer  is  announced  by 
Technitrol  Engineering  Company, 
Philadelphia,  manufacturer  of 
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DVENTURES  in  electronics 


AT  THE  TOP  OF  THE  WORLD 
ON  AN  ISLAND  OF  ICE 


"TechRep"  Floats  8  Months 
On  Arctic  Ocean  Ice  Floe 

by  C.  F.  GrMb« 


I  Swj*rcf,  PhJce 

I  Field  ingineer,  it  o  v«f*fon  o#  6 

I  years  in  Japan  and  Alaska.  He 
It  new  in  Tripefi,  North  Africa. 


Seven  men  adrift  on  an  island  of 
ice  twelve  feet  thick,  a  mile  above 
the  Arctic  Ocean  floor,  floating  just 
450  miles  from  the  North  Pole  in 
bone-chilling  minus-40-degree  tem¬ 
peratures:  that  was  the  hazardous 
setting  for  Project  Ice  Skate  —  one 
of  America's  significant  contribu¬ 
tions  to  the  International  Geophysi* 
cal  Year. 

On  this  isolated  team  of  adventur¬ 
ous  volunteers  was  Field  Engineer 
Mike  Swiercz  —  the  group's  com¬ 
munications  expert  and  only  civilian. 
With  him  were  three  Army  polar 
specialists,  two  Eskimos,  and  a 
Jesuit  priest  who  doubled  as  an 
Arctic  veteran. 

Flown  from  Pt.  Barrow,  Alaska,  to 


their  wind-whipped  ice  floe  on  April 
5th  last  year,  this  hand  picked  crew 
was  left  to  observe  and  measure 
Arctic  phenomena.  With  special  in¬ 
struments  they  studied  Arctic  con¬ 
ditions  of  geomagnetism,  gravity, 
oceanography,,  meteorology  and 
seismology.  For  eight  months  their 
sole  contact  with  the  outside  world 
was  by  radio. 

"Radio  communication  was  better 
than  anyone  had  thought  possible," 
reported  Mike.  "I  hod  an  antenna 
up  four  days  after  we  landed  on  the 
ice,  and  that  same  day  we  were 
talking  to  the  men  at  the  South  Pole 
and  later  listened  to  Sputnik's 
'beep-beep'  as  it  passed  overhead." 

Asked  if  the  dangers  of  the  icy 
wilderness  and  the  fight  against 


endless  cold  didn't  grate  on  the 
men's  nerves,  Mike  replied,  "No, 
that's  Hollywood  stuff;  we  all  got 
on  just  fine.  Remember,  there  was 
plenty  of  interesting  work  to  be 
done,  and  the  food  was  very  good. 
I'm  glad  I  asked  for  the  assignment." 

We,  at  the  Philco  TechRep  Divisioir 
in  Philadelphia,  are  proud  of  Mike 
Swiercz's  contribution  to  the  IGY. 
Mis  experience  as  a  Philco  TechRep 
doing  an  exciting  job  is,  however, 
only  the  first  of  a  series  profiling  the 
fascinating  and  unique  adventures 
of  our  TechRep  engineers  and  tech¬ 
nicians  to  be  published  here  in  the 
months  ahead. 


WANTED:  Ambitious  Engineers  &  Technicians  for  choice 
locations  in  U.5.A.  S  throughout  the  world 
with  electronics  and  communications  experience  in  the  following  fields 


ELECTRONICS:  Communication,  Radar, 
Sonar,  Navigational  Aids,  Guided  Mis¬ 
siles,  Antenna  Systems,  Microwave,  Com¬ 
puters,  Telemetering,  Technical  Writing. 


ELECTROMECHANICAL:  Power  Distribu¬ 
tion,  Diesel  Generators,  Electrical  Controls. 
TELEPHONE:  Central  Office,  Installers, 
Traffic  Engrs.,  Switchboard,  Outside  Plant. 


I  I 

I  WRITE  NOW  FOR  i 

I  AN  INTERVIEW  I 

I  ...  in  your  dty  ond  o  copy  of 

I  our  full  color  booklol — 'eHIlCO 

I  ...  FIRST  in  EmploymonI  Op- 

I  portunitios."  Wtiro  to  Mr.  C.  F. 

I  Groobo,  Portonnol  Mgr.,  Dopt.  { 

I  19-C;  FHIICO  TECHREP  DIVISION,  I 

I  23nd  &  lohigh  Avo.,  Philo.  32.  Po.  I 
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YOURS 

for 

the 

ASKIt^G 


A  copy  of  this  quick-reading,  8-page  booklet  is 
yours  for  the  asking.  It  contains  many  facts  on  the 
benefits  derived  from  your  business  paper  and 
tips  on  how  to  read  more  profitably.  Write  for  the 
"WHY  and  HOW  booklet." 

MeOraw-HIII  Publishing  Company,  Room  2710,  330  Wesf 
42nd  St.,  New  York  36,  N.  Y. 


I  pulse  iransformers.  delay  lines  and 
j  eoinpnter  systems, 
i  foining  Technitrol  in  1956, 
Hock  became  a  senior  supervisory 
'  engineer  responsible  for  the  com¬ 
plete  design  and  construction  of 
I  data  prcKcssing  systems  and  digital 
I  cojrtrol  mcebanisms.  In  bis  new 
|)osition  as  cbief  engineer  he  will 
!  assume  the  teebnieal  direction  of 
i  all  engineering  projects. 


Taylor  Assumes 
New  Position 

Pkomoiiox  of  R.i\  I'avlor  t(»  chief 
engineer  of  \'aro  Mfg.  Co..  Car- 
land,  Texas,  is  annonneed.  Dur¬ 
ing  bis  three  years  with  the  com¬ 
pany  as  project  engineer  be  has 
i  designcxl  eomnmnieations  cquip- 
I  ment,  both  airborne  and  ground 
jjower  conversion  equipment,  and 
j  frequency  meters  ami  standards. 


Tube  Plant  Opens 

I.n  ION  Industries  recently  ojxned 
the  first  unit  of  its  new  60,000  sq 
ft  tulK  plant  in  Salt  Lake  Citv, 
Utah. 

llie  plant,  newest  production 
arm  of  the  company's  Kleetron 
TiiIk-  Division  with  headquarters 
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in  Siin  Carlos,  Calif.,  will  lx  I 

managed  locally  by  Vinton  H.  j 

Carver.  It  is  loeatecl  on  a  ten-acre  j 
site  op|X)site  the  Salt  Like  airport.  ; 
It  will  ultimately  employ  more  than  i 
hOO  persons  manufacturing  magne¬ 
trons,  klystrons  and  other  micro- 
wave  tubes. 


Because 


llMill  llKI 


CAPACITORS 


Creighton  Heads 
Motorola  Group 

.\  COMBAI  Sl'KV  K.ll.tANCK  CrOOI* 
has  been  established  in  PluK’nix, 

Ariz.,  by  Nfotorola’s  W  extern  Mili¬ 
tary  Electronics  Center.  Purpose  is 
to  hx'us  increased  R&n  efforts  on 
the  rapidlv  e\));mding  airborne  snr- 
veill.mee  field. 

Selected  to  m.magc  the  new  or¬ 
ganization  is  .Mien  M.  Creigbton. 
former  head  of  the  communica¬ 
tions  section  of  W'.M.K.C.  The 
new  group,  which  is  resjxuisi- 
ble  direCtlv  to  R.  K.  Samuelsou. 
manager  of  engineering,  h.ns  a  two¬ 
fold  function — to  exercise  systems 
planning  and  coordination  over  all 
Motorola  Militan’  F.Iectrouics  Hivi- 
siou  airborne  surveillance  projects, 
and  to  carrv  out  projects  directlv 
assigned  to  the  group. 

Before  appointnient  to  bis  pres¬ 
ent  position.  Creighton  was  in 
charge  of  all  Signal  Corps  coin- 
munieations  projects  at  Motorola’s 
Pluxnix  laboratories. 

Burroughs  Fills 
Three  New  Jobs 

I'liRi  K.  new  positrons  at  Burroughs 
Research  Center,  Paoli,  Pa.,  were 
recently  announced  by  R.  V.  D. 

Campixrll,  deputy  director. 

U.  C.  S.  nilks,  formeily  man- 
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/  "VITRAMON"  CAPACITORS  ' 

OF  PROVEN  QUALITY 
ARE  USED  IN  ' 

/  THESE  MISSILES: 


ENGINEER  OPPORTUNITIES  AT  RAYTHEON 


agcr,  research  division,  is  new  asso¬ 
ciate  director-connnercial  prinlncts; 
while  Edward  Lohse,  forincr  man¬ 
ager,  ballistic  missile  disision,  is 
new  associate  director-defense  pnxl- 
iicts,  a  parallel  position. 

Ilie  positions,  established  to 
strengthen  commercial  and  military 
technical  planning,  will  be-  directed 
bv  Campbell. 

.\t  the  same  time  Campbell  an¬ 
nounced  the  promotion  of  J.  11. 
Howard,  with  Burroughs  since 
19s0,  to  manager,  research  and  de¬ 
velopment  division,  nie  new  divi¬ 
sion  is  a  merger  of  all  commercial 
research  and  deselopinent  efforts. 


DOPPLER  NAVIGATION  EQUIPMENT  is  readied  for  flight  testing  under 
operational  conditions.  Engineers  at  the  Maynard  Laboratory  hold  responsi¬ 
bility  for  program  from  initial  study  phase  through  prototype  production. 


Newly  formed  proiect  groups  solve 
complex  airborne  radar  problems 

Engineers  like  the  project-type  organization  at  Raytheon’s 
Maynard  Laboratory.  It  gives  them  maximum  diversification  in 
their  work  on  the  most  advanced  radar  navigational  and  control 
problems  of  the  day 

At  Maynard,  you’ll  find  projects  involving  many  areas  of  aircraft 
navigation  and  guidance  systems  . . .  doppler  navigation,  velocity 
check  systems,  night-fighter  operations  Systems,  flight-control 
systems,  altimeters.  There  is  also  interesting  new  work  on  counter¬ 
measures  equipment. 

Career  opportunities  for  men  at  all  levels  now  exist  in  the  follow¬ 
ing  areas: 

MICROWAVE  COMPONENT  SYSTEMS  ANALYSIS  & 

DESIGN  ENGINEERING 

ANTENNA  DESIGN  TECHNICAL  WRITING 

ELECTRONIC  PACKAGING  SPECIFICATIONS  WRITING 

ADVANCED  CIRCUIT  DESIGN 

For  complete  details  on  engineering  positions  in  any  of  Maynard’s 
project  groups,  please  write  John  J.  Oliver,  P.O.  Box  87E, 
Raytheon  Maynard  Laboratory,  Maynard,  Mass. 

RAYTHKON  MANUFACTURING  COMPANY 


Rixon  Hires 
J.  A.  Elliott 


jAMKs  A.  iM.i.ioii  has  joined 
Rixon  Electronics,  Inc.,  as  cnginccT 
in  charge  of  qiiaht}  control  at  its 
plant  in  Silver  Spring,  Md.  11c 
was  formerly  with  Collins  Ka<lio 
Co.,  Cedar  Rapids,  Iowa,  where  he 
was  engaged  in  design,  component 
testing  and  component  application. 


Plant  Briefs  < 

Don  Koniine  Associates,  Westbnrs’, 
N.  Y.,  has  been  organized  to  de¬ 
sign  and  construct  environmental 
simulation  equipment  for  testing 
space  \eliiclcs  and  components  ac¬ 
cording  to  specifications. 

Cnslmian  Prc‘cision  Industries, 
Princeton  Junction,  N.  ).,  is  a  new 
company  formed  for  the  deselop- 
ment,  test  and  manufacture  of 
electromechanical  precision  rotat- 


Aru  you  the 
ONE  MAN  IN  THRU? 


Excollence  in  Electronics 
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VITREOUS-ENAMELED 

RESISTORS 


Talaphena:  IV«r9lad«  4<1300 

CONDENSER  COMPANY 

1616  N.  Throop  Street  Chicago  22,  Illinois 


PRONG 

UPRIGHT 


PRONG 

UPRIGHT 


H«f«  it  a  complata  line  el  tub-minielure  electrolylict  wtiich  ore  atpeciolly 
datirobla  for  low  voltage  O.C.  circaiM. 

^  Advontaget  iadvdai  potantad  conilructienj  baraiaiimlly-taolad;  immar-  i 
\  lien  proof}  aicallanl  life  choroctaritlict;  low  laokaga  currantii  ibock  / 
\  and  vibrofion-ratiitant;  plot  many  o<bari.  / 

\  Avoiloble  in  lubutar  and  upright  typai,  at  illuthofad,  lUINOIS  / 

\  SUR-MINIATURE  CONDENSERS  ora  idaol  for  oppiicoliont  raeuir*  / 

\  ing  minimum  lita  and  weight.  / 

\  Write  for  new,  illurtrotad  SMT  catalog.  / 


CtRCLE  207  READERS  SERVICE  CARO 


Electrical  Coil  Windings 


For  40  years  .  .  .  specializing  in  all  types  of  coils  to 
customers’  specifications.  Design  or  engineering  assist¬ 
ance  available  on  reciuest. 


“SNIP  OR  CLIP” 
TAB  TERMINALS 


SINCe  1917  ' 

65  Pavilion  Avenue  Providence  5,  Rhode  Island 


CIRCLE  20S  READERS  SERVICE  CARD 


Snip  the  lead,  or  clip  the  tab  .  .  .  get 
the  exact  terminal  type  you  need! 
Save  space  and  eliminate  the  need 
to  stock  two  types  of  resistors.  This 
unique  feature  is  on  General  Electric 
5-,  10-,  and  20-watt  resistors.  For 
your  vitreous-enameled  resistor  catalog, 
follow  reader  service  instructions  below. 
General  Electric  Co.,  Roanoke,  Va. 

784-12 


D«r*cf  M«il  it  o 
!•  o 

lifilii^tt  Pop*r  •dv^ftttifsf 

M«tf  c*«npofii«t 

olloc«t«  •  portion  of  tK«ir  •d 
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•600.000  of  fbo  fop  bvyinf  in* 
flvoiKot  in  fKo  fioldt  covofod 
by  fbo  McOrow-HiH  poblico- 
liont  moho  op  oor  ISO  moilint 
litft.  fick  Toor  protpovft  oof 
of  oor  Indwtfriol  Oirocf  Moil 
cofolofwo. 


#  MorcKoodIto  yoor 
odvortltlot 

D  Coodoct  torooyt 

#  Cof  lopoiriot 
ofid  loodt  for 
yoof  tolotmop 

#  Pifi'poiot 
Moffopbicol  or 
fwocfiofiol  ffoopt 

•  Soil  DirocI 

•  ioild  op 
wooh  foffitorlot 

•  Aid  Ooolor 
rolofioot 


"^vgrtts  k  Ovr  Most  fm^ori§nf 

GENERAL^  ELECTRIC 


Wtita  fof  yavr  lra«  capy  af  oew  IndutMal 
DIracI  Mail  calalagu*  with  compUl*  InlonEtaliaa. 
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NEW  Transistorized  Relay 
Combines  Fine-Sensitivity  with  |C| 

Heavy-Duty  Construction  tWf 


Cutler-Hammer  has  developed  a  heavy- 
duty  transistorized  A-c  relay  which  will 
respond  to  either  an  A-c  or  D-c  signal 
between  .0028  and  .025  amperes.  The  heart 
of  this  compact  relay  is  the  plug-in  type 
signal-amplifying  module  which  contains 
all  the  electronic  parts.  This  tough  module 
is  practically  indestructible,  and  the  plug¬ 
in  design  simplifies  maintenance  .  .  .  cuts 
downtime  to  a  minimum.  The  Bulletin 
13535  transistorized  relay  requires  no 
warm  up  time  and  it  is  exceptionally  quick 
in  operation.  600  volt  model  offers  a  wide 
selection  of  contact  arrangements  .  .  . 
rated  15  amperes.  110  volt  model  rated  10 
amperes.  Prices  unusually  low.  Cutler- 
Hammer  also  offers  conductive  liquid  level 
probes,  and  pfjoto-cell  unifS  for  use  with 
the  transistorised  relay. 


CUTLER'HAMMER 


Cutler<Hommer  Inc.,  Milwaukee,  Wis.  Airburne  Instruments  loborotory.  Cutler-Hommer  Internotionol.  C.  A. 

Aswrtffei  Canadian  Cutlet-Hammer.  Ltd  Cutler  Hammer  Mencana  S  A  .  InleiconttnerttaL  Eiecirontcs  Corporation,  Inc. 


'the  pack  with  the  built-in  shock  absorber' 


ing  components  for  the  electronic, 
missile  and  aircraft  industries. 


PROTECTS  SMALL,  DELICATE 
ELECTRONIC  COMPONENTS  IN 
PRODUCTION  AND  SHIPMENT 

RONDO, 


Delta-f  Inc.,  Batavia,  Ill.,  manufac¬ 
turer  of  frc-quency  control  systems 
and  equipments,  has  been  intro¬ 
duced  to  the  electronics  field  by 
rt'cently  elected  president  John  A. 
Cunningham,  formerly  division 
manager  of  Hamilton  W'atch  Co. 


unique  handling 
and  packaging  tyttem,  hold* 
inserted  objects  by  a  spring- 
clip  action  of  its  fluted  parti¬ 
tions. 

Miniature  and  sub-minia¬ 
ture  tubes,  capacitors,  di¬ 
odes,  resistors,  and  other 
electronic  components  are 
"snapped"  into  RONDO 
flutes.  Convenient  in  produc¬ 
tion,  inspection,  storage, 
shipment,  and  also  on  the  re¬ 
ceiving  end.  The  same 
RONDO  unit  will  serve 
throughout  all  the  different 
stages  of  handling. 

RONDO  IS  A  PAPER  PRODUCT, 
SOID  AT  PAPER  PRICES 

Holds  objects  from  5/16" 
to  1"  in  diameter.  Tooling  for 
larger  sizes  possible.  More  in¬ 
formation  and  our  sugges¬ 
tions  sent  on  request. 

Please  specify  your 
requirements. 


News  of  Reps 


S.si.Ks  rep  orgiiui/ations  recently  ap¬ 
pointed  by  Chester  Cable  Corp.  are 
Robert  VV^  Gray,  Inc.,  of  Ncu-  Eng¬ 
land,  and  Kingland  M.  Krueger 
Co.  for  Illinois  and  Wisconsin. 


DeMornay-Bonardi,  Pasadena, 
Calif.,  manufacturers  of  microwave 
test  instruments,  appoint  Instru¬ 
ment  ITynaniics,  Inc.  as  their  new 
sales  and  engineering  representa¬ 
tives  in  New  England. 


RONDO  PROCESS  AND  DESIGNS  PATENTED  IN  ALL  MAJOR  COUNTRIES 


The  Columbus  Electric  Mfg.  Co., 
Columbus,  Ohio,  makers  of  pre¬ 
cision  snap  switches,  name  Kahant 
Associates  as  exclusive  reps  for  east¬ 
ern  New  York  State  and  northern 
New  Jersey. 


100  A  SANFORD  ST.,  HAMDEN  ^4.  CONN 


C.  S.  Shotwall.  i77  S.  Al«a«i»dria  Av«p.  l«»  Aii9*l*i  5.  C«l. 
•  rowA  4  Scrotek*  664  N.  MUkigon  A**,.  Ckicog*  11*  III., 

CIRCLE  9S  READERS  SERVICE  CARD 


Bach  Sales  Co.,  a  new  rep  organiza¬ 
tion  in  Old  Bethpage,  L.  I.,  N.  Y., 
will  handle  the  high  fidelity  com¬ 
ponent  line  of  Fairchild  Recording 
Equipment  Corp.  in  the  N.  Y.  area. 

Aero  Sales  Co.  of  Caldwell,  N.  J., 
now  handles  cooling  and  ventilating 
fans  for  electronic  equipment 
cabinets  for  Kooltronic  Fan  Co., 
Princeton,  N.  J. 


Industrial  Test  Equipment  Co.  ap¬ 
points  the  Broger  instniment  Sales 
Co.,  Ine.,  to  handle  the  sales  of  its 
Phaz.or  and  Itcco  product  lines 
of  electronic  test  equipment  in  the 
New  England  area. 


Penta  Laboratories,  Inc.,  Santa 
Barbara,  Calif.,  names  three  new 
.sales  reps  to  handle  its  line  of 
power  tubes.  T.  J,  Ray  Co.  will 
cover  Oklahoma;  L,  F.  Florence 
Co„  western  Iowa  and  the  states 
of  Nebraska,  Kansas  and  Missouri; 
and  Nortel  Engineering  Service 
Co.,  Ontario,  Quebec  and  the 
Maritime  Provinces. 
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NEW  BOOKS 


Atmospheric 

Explorations 

By  lIFNRY  G.  HOUGHTON. 

7’cc/nio/og\-  Press  of  the  Massa¬ 
chusetts  Instittite  of  '/’cthno/ogy 
and  John  Wiles-  and  Sons,  195S, 
125  p,  $6.50. 

7  UK  lectures  wliich  comprise  the 
five  chapters  of  this  entertaining 
l)(K)k  were  given  in  1956  bv  leaders 
of  research  in  their  respective  fields 
to  commemorate  the  250th  anni¬ 
versary  of  the  birth  of  Benjamin 
I'ranklin.  .-Ml  chapters  are  written 
in  semitcchnical  language  Iroth  un¬ 
derstandable  and  meaningful  to 
readers  of  Ki  kci  ronics.  .Ml  chap¬ 
ters  have  gornl  bibliographies. 

Hr.  Ross  Ciunn,  for  years  the 
Dircftor  of  Physical  Research  for 
the  U.  S.  W  eather  Bureau,  known 
to  electronic  engineers  for  his  work 
on  precipitation  static  and  for  his 
fabulous  28-page  )wper  on  thunder¬ 
storm  electrification  in  the  Pr«>- 
eecdiiigs  of  the  Institute  of  Radio 
Engineers  last  October,  describes 
some  of  his  many  researches  on  the 
electrification  of  cloud  and  rain¬ 
drops. 

Hr.  J.  P.  Kuettner,  of  the  Geo¬ 
physical  Research  nireetorate.  .\ir 
I'orce  Cambridge  Research  Center, 
one  of  the  country’s  leading  glider 
pilots,  discusses  the  Klc'ctrificatibu 
of  rhimderstorms  with  emphasis 
oil  his  unmasking  theory  of  charge 
sejiaration. 

Professor  L.  B.  I.oeb.  who  has 
had  a  lifetime  of  research  in  gase¬ 
ous  electronics  and  probably  has 
written  more  on  the  subject  than 
any  m.in  alive,  contributes  an  ex¬ 
cellent  summary  including  very  re¬ 
cent  work  on  the  positive  streamer 
spark  and  its  relation  to  lightning. 
Radar  engineers  may  be  interested 
to  read  how  millimicroseeoiul  teeh- 
nic|ues  have  Ikcu  applied  to  the 
study  of  spark  discharge. 

Dr.  Harry  Wexler.  Direetor  of 
Meteorological  Research  for  the 
U.  S.  W’eathcr  Bureau.  “Looks  at 
the  Up|x?r  .\tmospherc”  from  the 
ionosphere  on  down  and  discusses 
the  physical  processes  such  as  ab¬ 
sorption  of  solar  radiation,  that 
have  such  an  important  but  not 
immediately  obvious  relitionship  to 


"  - 

DE-SOLDERING  KIT 


Now  you  can  rework  and  salvage  printed  circuit  boards 
by  removing  detective  components  quickly  and  easily 
with  Ungar’s  amazing  De-Soldering  Kii.  Save  time  and 
save  headaches  with  specially  designed  tipleis  that  will 
not  break  oft  lugs  or  ruin  printed  circuit  boards.  Cut 
your  labor  and  material  costs  substantially  with  this  truly 
indispcnsible  kit. 


#270  Kit  contains: 

Ungar  Handle  with  full  length  extra-flexible,  insulated  cord. 
Super  Hi-Heat  Unit,  47'/i  Watts,  delivers  600”  to  850’  F. 

Slotted  Tip  that  melts  solder  and  straightens  bent  or  folded 
tube  tabs. 

Bar  Tip  for  de-soldering  and  removing  capacitors  and  other 
straight  line  components. 

Cup  Tips,  in  three  different  sires,  that  de-s«)ldcr  tube  sockets 
in  one  simple  operation. 

In  goldtone  metal  case,  the  Ungar  De-Soldering  Kit  regularly 
lists  at  $7.95.  Special  Introductory  Sale  Price.  $5.95. 


O/flfe/’  from  your  jobber  now 

’’  Un^for  Electric  TooU^Inc. 

4101  Redwood  Avenue,  Los  Angeles  66.  California 
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Srrvii  lliiliirs 


C-M  lABOR  ATORIES  INC 


our  weather  at  the  ground. 

Professor  Henr)'  Booker  of  Cor¬ 
nell  University  discusses  some  cur¬ 
rently  interesting  phcnoincna  of 
radio  scattering  in  the  ionosphere. 
Should  there  be  an  electronics  engi¬ 
neer  (perhaps  a  computer  man) 
who  does  not  have  an  understand¬ 
ing  of  ionospheric  echoes,  meteor 
echoes,  auroral  echoes,  vhf  scatter, 
spread  F  and  sporadic  F,  phenom¬ 
ena,  this  chapter  with  its  ven,’  good 
summary  of  these  effects  is  one  to 
read. — Seville  Chapman,  Direc¬ 
tor,  Physics  Division,  Cornell 
Aeronautical  Laboratory,  Buffalo, 
N.  Y. 


are  the  answer 
where  simplicity 
is  the  aim 


The  Ultra  High  Frequency 
Performance  of  Receiving 
Tubes 

By  W.  E.  BENHAM  AND  I.  A. 
HARRIS. 

AfcGraw-llill  Boole  Companv,  liic., 
.Verv  York,  19?7,  17^  p, 

One  purpose  of  this  hook  is  to  pre¬ 
sent  the  theory  of  operation  of  uhf 
receixing  tubes  with  emphasis  on 
the  cquixalent  circuits  valid  for 
small  signal  (nxration.  A  second 
purpose  is  to  gi\e  a  simple,  detailed 
account  of  the  electronic  processes 
occurring  in  the  tube  which  will 
prmide  the  mathematic.il  back¬ 
ground  required  for  the  investiga¬ 
tion  of  new  problems  in  this  field. 

The  book  should  appeal  to  engi¬ 
neers  interested  in  the  applications 
of  receiving  tulxs  at  uhf  and  to 
engineers  engaged  in  uhf  vacuum 
tube  research  and  development. 
'The  authors  have  carefullv  selected 
pirtions  of  the  works  of  such  lead¬ 
ers  in  this  field  as  Muller,  Llewel¬ 
lyn.  Bakker.  Dev  ries,  North  as  well 
as  that  of  their  own  excellent  re¬ 
search.  The  result  is  a  particularlv 
good,  high  level  and  concise  biKik. 

Scope  and  Special  Features^  I  he 
Ixiok  starts  with  a  general  survey 
of  space-charge  control  tulxs  in¬ 
cluding  the  internal  action  of  a 
tube,  the  interaction  between  the 
tube  and  the  circuit,  and  the  high- 
frequency  equivalent  circuit  of 
practical  tubes. 

The  next  three  chapters  deal 
with  current  in  an  interelectriKlc 
space,  the  small-signal  high-fre- 


Simplicily  in  l/»^— Selecting  an  S.S.  White 
flexible  shaft  and  applying  it  to  any  remote 
control  or  power  drive  application  is  a 
quick,  easy  job.  S.S.  Win  if.  has  reduced 
flexible  shaft  selection  to  a  relatively  sim¬ 
ple  task  through  the  use  of  standard  flex¬ 
ible  shaft  combinations,  clear<ut,  quick 
reference  selection  tables  and  expert  engi¬ 
neering  and  technical  .advice. 

Simplicity  in  l)r»ign  —  Because  an 
S.S. White  flexible  shaft  takes  power  or 
control  around  turns  and  obstacles  —  elim¬ 
inates  excessive  parts  —  you  save  space 
and  weight  . .  .  and  help  improve  product 
efficiency. 

Consider  S.S.Wihie  flexible  shafts  for 
driving  or  controlling  parts  in  your  own 
equipment.  We'll  be  glad  to  help  you  work 
out  any  application  problems  you  may 
have.  Write,  wire  or  call. 


Exposure  ...  to  llir  equivalent  of 
a  ulifT  sea  spray  ...  on  a  hot,  liumici 
day— one  more  lest  the  G-M  Servos 
take  in  stride. 

Not  just  a  promise— hut  a  tested  fact. 

G-M  Servo  .Motors  are  built  to  de¬ 
liver  the  ullimale  in  performance. 
The  salt  spray  test  shown  above 
just  one  of  a  battery  of  tortures  de* 
signed  to  prove  G-M  Servos  under  all 
extremes  of  humidity,  temperature, 
altitude,  vihralion  and  salt  spray. 

At  G-M  “Designed  to  Meet  Mil.  En¬ 
vironmental  Sperifications"  is  hacked 
by  production  testing  that  does  just 
that! 


GOOD  REASONS  WHY 
G-M  SERVO  MOTORS 
SERVE  YOU  BEST! 


1  G-M  Servo  Motors  ore  ovoiloble  in 
standard  sizes. 

2  Standard  G-M  Servo  Motors  con  also 
be  modified  to  meet  specific  require¬ 
ments. 

3  Creative  engineering  in  designing  spe¬ 
cial  servo  motors  with  special  choroc- 
teristics. 

A  Fast  production— better  service. 


USEFUL 
DATA  on  how 
to  select  and 
apply  flexible 
shafts! 

Write  for 
Bulletin  5601, 


Write  Now  for  information, 
send  for  complete  G-M  charts 
and  specifications.  No 
obligation,  of  course. , - - 
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AFTER 


BEFORE 


qucnoi’  characteristics  of  idealized 
basic  diodes  and  the  small-signal 
high-frequeiic\  characteristics  of 
ideal  triodes  and  tetrodes.  I'hcse 
chapters  start  with  a  discussion  of 
fundamental  exmeepts  of  the  tube 
theory.  \  basic  equation  describ¬ 
ing  the  motion  of  an  electron  in 
the  presence  of  space-charge  is 
then  deseloped.  .\t  this  point  the 
small-signal  admittance  of  the 
piirallel-plane  diode  is  derived.  By 
considering  gridded  tubes  as  a 
series  of  planar  diodes,  the  parallel 
plane  tricxle  and  tetrcKle  character¬ 
istic  arc  determined.  Kquisalent 
circuits  for  these  tubes  arc  dis¬ 
cussed. 

.\  \ery  interesting  chapter  fol¬ 
lows  on  the  differences  between 
actual  and  ideal  tubes  in  which 
effects  of  initial  electron  velocitx,  j 

nonumform  cathode  fields  and  ' 

secondary  aiuKle  emission  are  dis¬ 
cussed.  riie  characteristics  of 
tubes  operating  in  retarding  fields  i 

are  then  discussed  in  the  two  chap-  I 

ters  that  follow.  ; 

I'he  chapter  on  the  tnfx:  as  a 
linear  active  two-terminal-pair  cir¬ 
cuit  clement  is  of  p;irticular  inter¬ 
est  to  engmex-rs  interested  in  tube 
appllKitions.  .\nalvsis  of  the 
grounded  cathode  and  grid  triodes 
are  discussed.  .\  chapter  on  large 
signal  theors'  is  mostly  qualitative 
as  mnch  work  remains  in  deselop- 
ing  a  satisfactory,  large  signal 
theory. 

The  final  chapter,  and  one  of 
the  most  interesting,  is  on  calcula¬ 
tion  of  noise  factor.  Ihc  fimda- 
mental  principles  are  discussed 
including  the  high-frequency  shot- 
noise  reduction  factor,  the  calcula¬ 
tion  of  noise  factor  and  the  effect 
of  reflected  electrons  on  the  in¬ 
duced  noise  currents.  An  excellent 
discussion  on  the  agreement  of 
theory  with  experimental  result  is 
included. 

Analysis- The  authors  hast*  pre¬ 
pared  a  very  readable  IxKik  on  ubf 
tubes,  nevelopment  of  the  text 
material  is  \ery  gixid  and  excellent 
use  of  the  sesen  mathematical  ap- 
jKiidiees  is  made  to  supplement 
the  text  material,  hor  the  purposes 
intended  by  the  authors,  the  de¬ 
gree  of  completeness  of  the  ma¬ 
terial  ap|K-ars  to  be  alxnit  right. 
While  there  are  other  Iwxiks  a\ail- 
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Power  Savings  of  $10,000  a  year  were  made,  as  the  result  of  a  power 
survey,  at  the  same  time  that  output  increased  25%.  You  too  can  make 
similar  savings  in  your  plant. 


Bulletin  856  tells  How  to  Make  a  Plant  Survey  i  Them 
*'The  Meter  With  a  Record"  For  Over  50  Years 

The  ESTERLINE-ANGUS  Company,  Inc. 

Pioneers  in  the  Manufacture  of  Graphic  Instruments 

Dept.  E,  P.  O.  Box  SM,  INDIANAPOLIS  I,  INDIANA 
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with  Graphic  Insirvmenta 
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DC-AC  ^ 
CHOPPERS 


Eleven  types, 
both  single  and 
double  pole. 


Long  life. 

Low  noise  level. 
Extreme  reliability. 
Write  for  Catalog 
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TUBE  SOCKET 
TEST 
ADAPTERS 


Test  Circuits 
In  Operation 


ROTO PROBE - 

Switching  type  tube 
socket  test  adapter— with 
permanently  attached 
test  lead,  and  numbered 
stop  positions  for  each 
pin. 

Measurements  are  made 
on  each  contact  by  turn¬ 
ing  the  shell  of  the  Roto- 
probe  to  the  correspond¬ 
ing  number  on  the  index. 


A 

f 
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TUK  socun 
TEST  AOAFTERS 
With  radial 
test  tabs 


TUBE  SOCKET  SOCKET  CHANCE  SOCKET  EXTENOEKS 

TEST  AO  AFTERS  ADAPTERS  Replaceable  socket 

Long  type  Change  tube  types  extends  life  of 

for  tight  spots  without  rewiring  test  equipment 

Write  for  catalog— 

VECTOR  ELECTRONIC  COMPANY 

1100  FLOWER  STREET,  GLENDALE  1,  CALIFORNIA 
,  TELEPHONE  CLinton  7-8237 
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RIBBONS -STRIPS 


if  PURE  TUNGSTEN  if  THORIATED  TUNGSTEN 

llr  MOLYBDENUM  if  SPECIAL  ALLOYS 

and  OTHER  METALS 
IN 

ULTRA  THIN  SIZES 

to 

TOLERANCES  CLOSER  THAN  COMMERCIAL  STANDARDS 

by 

OUR  SPECIAL  ROLLING  TECHNIQUE 

Note:  for  highly  engineered  applications— strips  of  TUNGSTEN 
and  some  other  metals  con  be  supplied 

ROLLED  DOWN  TO  .0003  THICKNESS 

•  Finish:  Roll  Finish— Block  or  Cleaned 

•  Ribbons  may  be  supplied  in  Mg.  weights  if  required 

For  HIGHLY  ENGINEERED  APPLICATIONS 

DEVELOPED  AND  MANUFACTURED  BY 


H.CROSS  CO. 


IS  BEEKMAN  ST..  N  Y  38  N  T 

i.l.rHONI  VVOrfh  2-2044 
COrflondf  7-0470 


able  on  vacaum  tubes,  this  one  in¬ 
cludes  more  detail  on  the  liigh- 
frequenev’  performance  of  receiving 
tubes.  An  excellent  featuie  of  the 
book  is  that  it  provides  the  reader 
not  only  with  an  authoritative 
source  of  information  but  with  a 
state  of  the  art  rcsiew. 

This  rewiewer  is  pleased  to  en¬ 
dorse  this  IxHik  as  an  excellent  up- 
to-date  reference  on  uhf  tubes.  It 
should  be  of  piarticular  interest  to 
persons  engaged  in  active  networks 
using  vacuum  tubes,  to  engineers 
interested  in  perfecting  the  tubes 
themselves  and  to  gradmite  students 
engaged  in  research  in  ultra  high 
frequency  tubes  and  circuits.— 
C.  C.  Halman,  School  of  Elec¬ 
trical  Engineering,  Cornell  Univer¬ 
sity,  Ithaca,  N.  Y. 


THUMBNAIL  REVIEWS 


Better  Report  Writing.  By  W’.  11. 
Waldo,  Reinhold  Pub.  Corp.,  New 
York,  1957,  251  p,  S4.75.  This  desk 
guide  presents  facts  on  the  details  of 
composition,  style,  dimension  of  re¬ 
ports,  tables,  illustrations  and  use  of 
words  in  a  format  calculated  to  provide 
the  ciiginetT  with  a  quick  reference  to 
turn  to  for  answers  to  his  impromptu 
questions  concerning  writing. 

Aeronautical  F.lectronics  Conference 
Proceedings.  The  National  Conference 
on  Aeronautical  Klcctronics,  55  Park 
.\vc.,  Dayton  9,  Ohio,  $4.00,  Complete 
texts  and  illustrations  of  10  papers  on 
equipment  applications.  IS  on  com¬ 
ponent  parts,  10  on  navigation,  six  on 
eommunications.  six  on  electronic 
equipment,  nine  on  management  re¬ 
search  and  production.  1 5  on  environ¬ 
ment  and  six  on  air  safety  given  at 
1957  conference  in  Dayton. 

Design  of  Free- Air  loni/ation  Cham¬ 
bers.  By  If.  O.  W’yekoff  and  F.  H. 
Attix,  Superintendent  of  ITocumciits, 
U.  S.  Government  Printing  Office, 
Washington  25,  D.  C.,  1957,  16  p. 
$.20  (paper).  Ibis  National  Bureau  of 
Standards  publication  presents  general 
design  characteristics  for  standard  free- 
air  type  ionization  chambers  for  X-rays 
from  50  to  500  kv.  .\ccuracy  of  frcc- 
air  chamber  measurements  is  given  in 
a  tabic  which  lists  the  estimated  maxi¬ 
mum  error  for  each  experimental  factor. 

Programs  for  an  Fllectronic  Digital 
Computer.  By  M,  V.  W  ilkes,  D.  |. 
Wbcclcr  and  S.  Gill,  Addison-Wcslcy 
Publishing  Co.,  Inc.,  Second  Edition 
1957,  258  p,  $7.50.  A  general  intro¬ 
duction  to  programming  for  any  ma¬ 
chine  of  the  stored-program  type.  Km- 
phasis  is  placed,  however,  on  the 
single-address  binary  machine. 
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COMMUNICATION  &  TV 
ANTENNAS  SINCC  Iflt 


COMMENT 


Designers  and  Manufacturers  of 

COMMERCIAL  SERVICE 

**beamed-power"  arrays 

Calibrat6d  Model  illustrated 

for  the  commercial  no.  cx-i3-i4 

13  to  14 
me.  band. 

Other 

frequencies 
available. 


The  Solid-State  Switch 

We  just  saw  the  Aug.  1  issue  of 
Ki.kctronics,  which  contained  (p 
108)  your  note  on  our  solid-state 
switch,  including  the  two  photo¬ 
graphs  .  .  . 

W'hilc  we  appreciate  the  publi-  ‘ 
cation  of  that  note,  we  arc  quite 
disappointed  that  you  have  failed 
to  mention  the  name  of  the  Organi¬ 
zation  where  the  new  device  origi¬ 
nated. 

The  solid-state  switch  was  dc- 
s  eloped  by  Kurt  ().  Otlev,  Robert 
K.  Shoemaker  and  Philip  J.  Frank¬ 
lin  of  the  Diamond  Ordamce  Fuze 
Liboratorics  in  W'ashington.  D.  C. 
You  might  also  want  to  add  the 
information  that  the  switch  is  de¬ 
scribed  in  somewhat  greater  detail 
in  the  J9?8  Conference  Proceed¬ 
ings  of  the  2d  National  Convention 
on  Militarv  Electronics.  June  16-18. 
1958. 

Phii.ip  J.  Fr.snki.in 
Diamond  Ordnance  Fit/e 

Laboratories 
W'asiiincton.  D.  C. 

So  many  questions  have  come 
in  from  readers  asking  about  the 
rugged  solid-state  switch  that  uses 
the  o|xrrating  principles  of  an  elec¬ 
trolytic  capacitor  that  we’re  de¬ 
lighted  to  be  able  to  provide  this 
additional  information. 


Telrex  is  equipped 
to  design  and  supply 
to  our  specifications 
or  yours.  Broad¬ 
band  or  single 
frequency,  fixed  o'r 
rotary  arrays  for 
communications, 

FM,  TV,  scatter- 
propagation,  etc. 

Consultants  and 
suppliers  to 
communication 
firms,  universities, 
propagation 
laboratories  and  the 
Armed  Forces. 


PrtcitiM  Tuntd,  Match«(l  and  Calibrated  for  easy 
assembly  and  repetition  of  our  Specifications  at  your 
site,  providing  optimum  gain  per  element  and  hi-signal- 
to-nolse,  hl-slgnal-to-interference  "Balanced  Pattern." 

Elecfrkal  Specifkeliem:  Gain  S  db,  F/B  ratio  28  db. 
V/S/W/R  1.2/1  or  better!  Impedance,  52  ohm  thru 
coaxial  halfwave  "Baiun"  (supplied).  Power  capacity 
5  KW  —  Higher  power  models  available  at  extra  cost. 

Mecbaaiiel  Specifkaliem:  Wt.  60  lbs..  3'  00  x  26 
ft.  boom,  taper  swaged  elements,  tapering  from 
IH'  00  to  W'  00,  incorporating  stainless  steel 
hardware,  "Borg-Warner"  Cycolac  moldings. 

V«-20  S.S.  iunctlon  terminals  and  heavily  cad¬ 
mium  plated  mounting  plate.  Wind  surface 
area:  7  sq.  ft.  Wind  load  at  100  mph:  210  lbs. 


Price  $338.00  f  o  b.  Asbury  Park.  New  Jersey 
Available  three  (3)  days  after  receipt  of  order. 

Descriptive  literature  on  request. 


ASBURY  PARK  25 
NEW  JERSEY,  U.S.A. 

!  Tel.  Plospect  5-7252 
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PIN  &  PEG  STAMPS 

ore  better  than 
ordinary  rubber 
3  ways 


Spikes 

The  comments  by  Messrs.  Sim¬ 
mons  and  Trxkl  (Comment,  p  190, 
Sept.  12)  on  the  mechanism  by 
which  spikes  arc  fonned  in  the 
transistor  inverters  described  in  my 
recent  article  (“Magnetic  Inverter 
Uses  Tubes  or  Transistors,’’  p  158, 
Mar.  H)  ore  vcr>’  interesting.  My 
main  concern  was  with  the  salient 
features  of  the  differential  common- 
base  type  of  inverter,  as  compared 
with  the  common-emitter  inverter. 
No  very  detailed  investigation  of 
the  cause  of  the  spikes  was  con¬ 
ducted  by  me. 

Tight  coupling  between  the  vari¬ 
ous  windings  is  obviously  desirable 
even  if  only  the  gross  features  of 
circuit  operation  are  considered. 
For  this  reason  the  magnetic  cores 
used  in  the  circuits  described  in  the 
article  were  of  toroidal  form  and 
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of  high-f>crmcability  magnetic  ina 
tcrial.  The  windings  were  placed 
one  on  top  of  the  other  and  uni¬ 
formly  distributed  around  the 
whole  core  periphery'  as  shown  in 
the  illustrations  in  the  article.  Fur¬ 
ther  improvement  in  coupling 
would  certainly  be  obtained  bv 
using  twisted  pair,  and  of  course 
spacing  the  windings  at  discrete  in¬ 
tervals  around  the  core  periphery 
would  loosen  the  coupling. 

\Vhcther  it  is  desirable  to  use 
only  a  small  portion  of  the  core 
periphers'  for  the  windings  is  open 
to  question,  however.  Tliis  measure 
docs  not  greatly  tighten  the  cou¬ 
pling  and.  besides  making  uneco¬ 
nomical  use  of  the  winding  space 
available,  it  has  the  effect  of  lower¬ 
ing  somewhat  the  permeability  of 
the  magnetic  circuit  as  a  whole 
since  more  flux  will  escape  to  the 
air.  In  some  cases  the  use  of  twisted 
pair  may  he  open  to  objection  on 
the  grounds  of  voltage  stress  in  the 
windings,  since  the  voltage  across 
the  nonconducting  element  may  be 
appreciable  when  high-voltage  tran¬ 
sistors  or  vacuum  tubes  arc  used. 

The  comments  by  Messrs.  Sim¬ 
mons  arid  Todd  do  show,  howeser, 
that  the  transformer  coupling  is 
intimately  connected  with  the  na¬ 
ture  and  magnitude  of  the  spikes, 
and  even  more  conclusively  .  .  . 
show  the  effect  of  load  upon  the 
damping  of  these  transients.  Never¬ 
theless  the  measures  suggested  do 
not  eliminate  completely  the  spikes 
from  the  no-load  output  waveform. 

There  is  probably  more  to  he 
learned  about  the  switching  proc¬ 
ess.  Many  earlier  articles  on  the 
subject  have  ignored  the  matter. 
Little  or  no  mention  of  spikes  in 
the  output  waveform  has  appeared, 
and  the  absence  of  waveform  photo¬ 
graphs  in  many  cases  docs  little  to 
give  assurance  that  they  have  not 
been  present.  In  the  writer’s  ex¬ 
perience  the  spikes  in  some  cases 
are  of  extremely  short  duration 
compared  with  the  period  of  the 
square  wa\e  and  are  likely  to  be 
missed  altogether  if  waveforms  arc 
obsersed  with  anything  but  a  wide¬ 
band  oscilloscojx:. 

C.  H.  R.  Campling 
Dept,  of  Electrical  Engi¬ 
neering 

Queen’s  University 
Kingston,  Ont. 
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Every  year  Bead  Chain  pro¬ 
duces  billions  of  tubular  metal 
parts  for  electronic  and  me¬ 
chanical  applications.  Multi- 
Swage  eliminates  costly  turn¬ 
ing,  drilling,  stamping  and 
forming — automatically  awagea 
from  flat  stock  into  atrong 
precision  forma  with  positive, 
tight  seams.  If  you’re  a  volume 
user  of  such  parts,  in  any 
metal,  up  to  K  '  diam.  x  m  * 
long,  find  out  how  much  Multi- 
Swage  can  save  you.  Send 
sketch  or  standard  parts  for 
prompt  estimate.  Write  for 
catalog  today. 


Cfuetom  Built  to  the  meat 
ET.3rtir4  Speciheetione 
^ '  by  Co— or  EngiAeeie 

la  Muflr.£tel  Cor—  lor  Optimum  Oepm try 
la  Frrrfte  Cerm  ior  >ps>d  *ad  SMiaitiwity 

la  Kor  ^  ^  Corw  ier  Perfeatiea  ef  Rmpoi 


Any  M  Coooor't  Three  Core  Typee  con  be 
miMle  in  or  double  eilt  with  tin^e  or 

poth'puil  windin^^.  and  encapeulateo  for 
filed  oriliprint  (rotetinti  uee. 


Normal  characteriitics  of  yoke*  for  1*1/2  la. 
neck  tobet  are: 

Potttiooal  accuracy  •  the  spot  poeitioo  win  con¬ 
form  to  the  yoke  current 
cowwdinatet  within  0.25% 
of  tube  diameter  For  de* 
flectioo  ancle*  le«  than 
1 25**  better  accuracy  can 
easily  be  achieved. 

Memory  0.5%  max.  without  over* 

•wine 

01%  or  leea  with  controlled 
overtwinc- 


CmCLC  2ai  RCADIRS  SCRVICE  CARD 


Coo^letc  erirapTR*.Ttirtn  tn  epoxy  fatycaat)  or 
ellicooe  realm  it  for  all  Coaaor  deflection 

yokcik  and  la  done  with  special  mouldioc  tools 
enaurincotcurate  alif.rirrent  of  the  yoke  axis.  When 
ihp  rinca  are  added.  silver  rmfs  are  mounted 
in  eocapaulatiac  rtain.  The  finished  slip  riag  yoke 
is  preciakMi  turned  to  bore,  and  can  include 

bearinc  mountinc  amfacca  with  dimensional  tolcr* 
aacea  appreorhioc  tboee  ats.::  -Me  with  high  quality 
metal  pacta. 


Keep  your  sales,  manaRemcnt 
and  distribution  people  informed 
on  your  advertising.  Circulate  pre¬ 
prints,  reprints,  schedules  and 
other  material  in  these  folders, 
and  make  your  advertising  dollars 
work  over  and  over  for  you 

Write  for  illustrated  folder  and  price  list 


Promotion  Dept  Room  2700 
McGraw-Hill  Publishing  Co  ,  Inc 
330  West  42nd  Street,  New  York  36,  N  T, 


CIRCLE  220  READERS  SERVICE  CARD 
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SEARCHLIGHT  SECTION 


3"  Rovnd  Elapsed 

^Time  Mater 


PHOTO  ELECTRIC 
SWITCH.  l>arkiu*m 
thmw»  tb«  mllcii  luma  light  iiii  it 
du«k  .  .  .  nir  tl  (Uim.  Puola  laitgUra 
Mho  utirii  for  algna  of  untlAte 

rllllMl  hlHlaa* . .  ■  V 


$1275 

<9 


icgj^l  TELECHRON  Motors 

nu - rH  *  RPM  ..S3.t5  so  RPM  ...S4.8S 

2  RPM  2.S0  3  RPHr  ...  2.SS 
J 4  RPM  ....  S-SO  I  RP.2Hr  2.M 

CW  VS.S  RPM  ..  S.IS  I  RPI2Mr..  S.2S 
*X  I  RPM— M  Cy«lM.  SI.SS 

'v_>'L(b«ril*ry  SomUI  I  of  Euk  M«tw  S25 

OlEASON-AVIRY  ISOO  lynchraiiMi  l«•l•r 

IIS»  It  Witt . S4.M 

umi  nitir  1  RPM . 8.50 

HAVDON  TIMING  MOTORS 

_  I  Rn  4  kmra  IIS* . SI.70 

I  PPM  IISv  OOey . 2.00 

1  I  RPM  230*  SOcy .  1.00 

I  2  RPM  230*  OOcy .  1.00 

J  H#a1  $  PPM  llVr  OOiy . 2.00 

ill  I  III  30  RPM  no*  OOcy  . 2.00 

XMlBr  400  RPM  II0«  OOcy  .  1.30 

HANSEN  4RPM  MOv  OOcy.  4.24 

CRAMER  4  RPM  MS*  OOcy.  4.00 

Libwitiry  iMclal  I  it  MMk  nitir . SIO.OO 

RELAY  CONTACT  eURNISHERS  for  S1.00 


PM  MOTORS  ^ 
Mill  by  )«7S  I 

DELCOirOIEHL  *  .1 

RiaiyiO  Inn  Mulimtnl  '  * 

MOn  POWERFUL  TELECHRON 
MOTOR  MADE  -A  worn- 


(  HAMEK  44  MlM.  4S  ••• 
fl  MWlirh  TiitiME  with  ctutrh 


Wm  mt9  th«  lolotrat  aiMl  on*  ti#  th* 
'iOn  •iithftrlaoNl  Mlrtti  Nwllrh  l>ia> 
trll»ut<»nk  Wet  h«^v  Itw  tjsr|t*«t 
(if  PT>tt««r  A  tlr\imA*l(l  Ralaya  In 


INCLUDE 
POSTAOE 
*4  E  D«y  St 
Niw  Yarfc  7, 
N  Y. 


BLOWERS  -  MOTORS: 


119  VAC  90  Cycle  SINGLC  — . 

TYPE  AN  phnuml  iim 

mt«kr.  f  ouflH 
X  tr 

MS  VAC  SO  Cycle  DUAL 
TYPE  nm  I  km.  r 
t*  IHn.  t'ACh  al«tr  t'OtiiplHr 

Niir.  r*  »  .s<».  u  HHtiii 

$11. M 

MS  VAC  SO  Cytle  COMPACT  TYPE  l»n  «KM: 
Mofitr  IniiIH  iiiwidr  wt|iitrro-|  rail.*:  My**  liitakr.  TS"  X 
I"  I  He  rnfiiploH*  wlar  IS**  W  \  kV**  II  \  Nu. 

S<  <h.;H  |IS  »S 

MS  VAC  SO  Cycle  TLANGE  TYPE  M»  <  KM .  IIH** 
tniakf*  IS"  I>|H.  rmiipU’tr  %Ur;  TS"  W  »  *'♦*'  H  x 

AS*  l»  N‘«>.  H  WITH  .  SU  M 

MS  VAC  SO  Cycle  FLANGE  TWIN  I'KM  .  IS* 
intekr.  J‘4*  ^  ■•*  iMi.  rmiipirfr  al«r:  IIS*  W  \  t\** 
II  X  C  I  ir»  n  No.  JtNm'ili  IW.M 

10  CFM  BLOWER  27..’  VIN  :  I  imi  III*;  7h*mi  |||*M; 
Uwfrr  .Miitnr  «  2HI*  I.S;  ii  il  Mrp  To  lUkHIt*  nUmrr 

«S  dhrrall  alt*;  *^4*  l  IS*  .  SS  9S 

M<t«or«»nh  $2.M 

MS  V  400  CYCLE  tn  t'KSf.  Air  t>*tlr«Ni 

Motor  72tMt  HfM.  I  U»0  III*  I.  K  »2  IIIomit 

Adwt  tiLfTAii  nI4m;  IS"  X  ••S~  ■^n«  SS.SS 

Mofitrontv  $2.M 

10  CFM  BLOWER  2tl  VIn*  e  A:  ’>noti  iu*M: 
1*ifnm  Mntnr  SH  2^4'  Ahitnlntitn  lllow*r  IlmiMnii- 

iHrmll  alir;  IS*  '  SS.SS 

Sfitfoir  Mnly  t2.M 

OELCO  S0S8S7I  Blewer  Any.  27  VIM*  I’>|.  Motor 
llptfralhlf.  tii.ooti  UI*M  r  Intake;  \*  x  I*  outlet 

'<\tr  i\-  t  2V  '  .  M.SO  Karh 

OELCO  MOTOR  enly— tiie:  IS*  %  IS*  x  2S*  $3  M 

MAGNETRON 

M  R  magnetsvk;' 

alniiiar  to 
llliKtratlon  .  . 

Rtnuire  Txpe  aimttar 

tn  rlahi  ilhut.  .^2on 
tiaiiaa, . .  .SU.fS.  llorNeahoe  Txpe  Mapneta.  aa  tiwal 
*ti  MaKin-trttn  Ttibra:  2’*  Ht  lift  alir:  2S  X  2S  ' 

it»  '4  .r  si' 95**""  *®*  *•**  CATALOei 

FAIR  RADIO  SALES 

m  so.  MAIN  ST.  •  LIMA,  OHIO 


- ^ 

HO 


RADIO  RESEARCH 
INSTRUMENT  CO. 


550 

FIFTH  AVE. 
NEW  YORK 
JUDSON 
6^691 


F-2R/APN-19  FILTER  CAVITY 

laa.  «per:  Tmieahle  27tlO-2tHM)iiic.  l.-’ulb  niax.  loaa 
at  etr  fre«i  over  band.  iJHallH:  la'>rrlliin  loMt  tarl* 
able.  Hlnple  tuneal  niter  for  rre«i  (‘hanneillnp  in 
ratlar  liea<*uiL  Hllxer  plated  coa.x  rerntnator.  Intar 
center  tuning  conductor  %  aavelenpth.  .Vcw 
S.T7..V)  eacb. 


3CM.  Preeitlen  Tube  Meuat.  W’avehne  iiMxlel 
SMM.  X  band  ahlelde*!  klyatroo  mount  I'KIi 
aixnal  prtierator  type,  (’ompiete  with  variable 
plawt  vane  att**nitator.  Ilraad  nevt.  S2t)$.  fata* 
i<»U  l*rlee.  tHir  l*iice.  SM.’fO. 


TB  130/ UP  “1/*  Itand  abated  line.  Koiuippe<l  with 
tvpe  .\  nttliip.  Mrp.  WXern  Sllectric.  neu,  |i.’»tl. 
E  A  H  BmOi:  Ki;.1t  X  hand.  SM.VI  ri.  K<i4S  H 
iMud.  ts.'i.il«  m. 

SPERRY  KLYSTRONS 

H.MX-31  («o  watt.  M  »-lil.r.KMt'  $41'). 

.'43lr-ll.\  inr  wall  at  444)>-4)i;iniir.  F495. 

All  ttrand  new  with  ini  day  puarantee. 


AN/APS-10  RF  HEAD 

Vm.  inkw  mitpiit.  hvdropen  th>rain»n  mod. 
N  luirrtMer.y  ror  .10  me  IP  .1.5  me  hand* 
width.  I'eea  .10  tubr«  :utal«  plut»  2J42  mapne- 
froo.  $.171  ea.  Pull  ileMC  MIT.  Ka<l  lab.  aeriea 
Vtd  1  pp  SlS'ftt.l. 


3KW  400  CYCLE  SOURCE 

tVmiplete  generator  an  IMvdc  4111*  motor  leailly 
auappetl  f(ir  '<lan<lard  tIK  or  tPber  lllv  tui  t*>rl«-  .ic 
iimNoti  Hpee<|  repulatrtl.  tleoerator  output  Ml  Tolt* 
4fNi  ryelr  «lnple  phaae  17.4  ampN  inintlniHiUFL  <lut> 
tKjtpiit  electronically  repulate<l  lliiilt  to  riptd  I  S 
Naty  «p»c.  In  excellent  u><ed  cnnditptn.  .1  De« 
-pRT  ipl  price  $2N’t  tNt  With  IllVAf  «HI  c\cle  ample 
pliaae  motor  37.A1  incl  ctimpi  rrpulatnr  THIB  IS 
NOT  A  iTRIPPEO  SET  AS  SOLO  ELSEWHERE. 


2.9  KW  PRESS  WIRELESS  XMTR.  Type  l*W- 
OMIA  2'2II  uic.  cw  anti  fre«i.  nhlft  (teletypei  Mtl 
21  wXT.LL  channeU.  Complete. 

3CM  KLYSTRON  MOUNT 

2K2.1  72^A/li  niotuit  wUb  cidg.  tn  uavepulde  run 
ami  afr.  Hhielded  incl.  tuninp  rod.  Maichinp  tune¬ 
able  tpiiput  dupH.  lAial  crystal  mount.  I*wr  cable 
a /min  plup.  Kraml  neu.  I2N..10. 

2  Watt  X  Band  Pewer  Source:  mfp.  Hpeiry.  I>e« 
lIvefN  2  Mill  Haifa  KP  at  X  band.  <  ft.  ra^  Il.lv 
ic  Input.  Uiand  nen.  .\lan  rlellverH  1  naif  at  (* 
band  UiHNlnicl  aw!  710  me  rf.  Price  ctmiplete  urilh 
II  tub»*N,  girl. 


SCR  584-SKYSWEEP 
ANTENNA  PEDESTAL 

Pull  axlmutb  and  elevation  vHeepM,  ISO  degree 
azimuth.  2ol  degree  elevatbm.  Arrurary  ±  one 
mill  or  better  In  anple.  0  ft.  rUdi,  fully  dear 
.MIT.  ItadlatLm  laab  Nerlea  Vol.  I  pp  2M  and 
2*Mt.  Vol.  2a.  pg  Sill.  Por  full  tracking  fu- 
Nponae.  Iw'ludes  pe<le<ital  driven  NeUyna.  etc. 
Kvcellent  uaed  cnmiitlipi.  Thia  Ih  the  flr'P  time 
the<«r  pedxah  have  been  available  for  pur- 
chaMV  t'nntml  connideN  alvn  In  *rtoefc. 


crystal  mount  X  band  I*.  .«  !  *.^1  r.v 

netl«>ni  output  rtiis  Kiange  Input  Mfg.  AIrtron. 
N>h  .  «24  m.  _ _ 


BROAD  BAND  BAL  MIXER  ualnp  dmrt  vku 
hybrid-  IStund  t)pe  hr«tad  hand  dual  halancvNi 

crvatal  hobler,  lx.S  wg.  ^2^V*Nl^iy»w _ 

FLEXIBLE  WAVEGUIDE.  1\  '  X  hau  l  •"  T. . 
Iilrrwft.  Srw  FKi.im.  1».5  X  hwnd  24“  Alrtmn. 
\i-w  Ml. .VI.  IH  1  H*  X  hwnd  12"  WM-ra  El-C. 
\Vw  »1'>  VI 

COAX  MIXER  ASSEMBLY  IN2I  up.-  rrr'twl  d— 
l«nor  HK  In  IK.  .N"  lilting',  mati-hlng  King,  du- 
plex  rnuptInpM.  mfg  tl.K.  New.  flR  10 


NOT  A  iTRIPPEO  SET  AS  SOLO  ELSEWHERE. 

t'rHiiplete  with  TllYlt  regulator,  motor,  aa  SUP* 
pi|e<{  to  r  14.  Nai>. 

FOR  SALE:  COMPLETE  RADAR  SYSTEMS 


plex  mupimpM.  mrg  ti.e..  .New.  fin  .ro 

TAPER  IHMI  tn  Ht;.’.2  ll»a*  x  S*  tn  1  x  V) 

Knumth  Klectrofiirra.  Ktamlard  Klanpes.  Nch 


|.|M|>  ui«lhan»r  ♦  lUll  in  cm.  iligii 
plover  fur  alrwav  Lwnirvd  middle  satellite  tracking, 
radio  a«ii(in<HnT  It  A  1>  tiiNMl  an  new  t'liiiiplet*- 
AM/APC.1A  t'lFiiiplHe  airborne  Kadar  Mlg  hv 
MIU/MrA  iv  j;  ViH  udng  2J42  SUgiotron 
for  .Navigation.  Mapping.  Weather.  t‘oili*lrtn  .Ivtdd- 
ancr  l*lke  .New 


aM/aaoil  1A  tt;t'.\i  tlnmml  t'lrntrid  .Ip- 
MW/ Iflr  IV*  I  M  pitmcb  Itadar.  .in  ft  trailer  mlth 
Icm  prerUlon  and  lOcni  Heari'h  Karlarx  ae  UNe<l 
by  t  AA.  nUl  iW.  Vol  11  MIT  Kail  Uh  Herie« 
HeC  It  |!*. 

CA  0  >*'*  ^  t'oiiipact  Ht.  4KM  Ib4.  rotating  voke 
9x0*  w  I  I*!  4^  j*i_  411  rangen.  Id**#!  for  weather 
forecading.  Ilraml  new.  Kt*t’  awrnord  $!*'»«• 


AN/ARC-i  IM.IS<  MC  Trins..Rac. 

SCR-399  l.S-IS  MC  Hi-Puwtr  Mabila  Radia 

BC*I32*342  l.S-IS  MC  Cummunieatipn  Racuvvart 

nCHNICAl  SlSniMS  CORP. 

13-01  43rd  Avo.,  L.  1.  C.  1,  N.  Y. 

RA  9.0453-3 

RADIO  •  RADAR  •  JAMMING  EQUIPMENT 

Micrpwpve  Plumbinf-R.F.  Sruurcas-Ete.  If  yuu 
Naad  Clactrpnip  Eduipmant.  Cantact  ua.  Many 
Lata  Epulpmants  Avallabla. 

1 

TEST  EQUIPMENT 

AN  URM-25  I0K.5OMC  Sim.l  C.n.ra«.r 
AN  URM-49  400-1000  MC  Sl.n.l  G.w.r.tw 
AN  URM-tl  1.000- 1000  MC  Mtwid  Gnural.r 
AN  URM. 19-23  Pawar  Bridowa 
AN/URM-04  900-2100  MC  Sliaal  Ganaratar 
AN/UPM-II  X-BaaO  Ranaa  Callkrater 
AN  UPM-12  X-Band  V  S.W.R  Taat  Sat 
AN  UPM-15  PwlM  Ganaratar 
AN/UPM-17  10-11.000  Stwetraai  Analyiar 
AN.UPM.23 

AM. UPM.33  X-BaaO  Soactruiw  Analyaar 
T8-02  X-Bantf  Ecka  Bat 

t8-l47  X-Band  Siinal  Ganaratar 
TS-155  8- Band  Slonal  Ganaratar 
TS-IOO  100-10.000  MC  Praetalan  Hataradyno 
Fraa.  Matar  .0029  accwracy 
TS-270  S-Band  Ecka  Bat 
T8-I32  I50RC-20MC  Nataa  Flald  Malar 
T8-400  X-Band  Eckr.  Bat 
TS-507  I  5-400MC  Naita  Flald  Mater 
TS-000.  TS-000.  TS-070.  T8-057 
LAE  520-1300  MC  Sifnal  Ganaratar 
LAF  OO-OMMC  Slinal  Ganaratar 
LAG  1200-4000  MC  Sianal  Ganaratar 
AN  APR-4  30-4000  MC  Racalvar 
AN  A80-I  Mainatamatar 

AN. 'APN-3-CPN-2  Sharan 

AN  ARC-27  200-400  MC  Trtnt.-Rac. 
AN/ARC-33-34  200-400  MC  Trant.-Ra«. 
AN'ARN-14  Oainl-Ranaa 
AN'ARN-0  100-1750  KC  Diractlaa  FIndar 
AN.ARN-7  100-1750'  KC  Diractian  FIndar 
AN/CPS-5  Alroart  Saorck  Radar 
AN/TPS-IO  3  CM  Hatfkt  FIndar 
AN  APS-IO  3  CM  AIrbaarna  Na«  Radar 
AN/APS-33  3  CM  AIrbaarna  Nat.  Radar 
AN/TRC-l-3-4  70-100  MC  F-M  Radia  Sata 
AN/TRC-t  230-250  MC  F  M.  Radia  Sati 
AN/CRO-2  840  KC-30  MC  OIraetlan  FIndar 
MANY  OTHER  TEST  EQUIPMENTS  AVAILABLE 


ANTENNA  PEDESTALS  AVAILABLE 
WRITE  FOR  OUR  CATALOG 

FOR  SALE  AND  WANTED~Wrif«  for  Lisf 
U»ab  Radia  Braadcatt  and  TV  Statiant.  Pawart 
fram  290  Watts  Ua-  Studia  Eauip.  Wnta  far  List. 


GROUND  INSTRUMENT  LANDING  SYSTEMS 
Wa  can  suaply  camplata  I.L.S.  Graund  Statians. 
Includifit  Glida  Slapa.  Lacaltiar.  Markar  Baaeun 
Transmittinf  Systaavs  with  Campleta  Antanna  Sys- 
taaii.  Them  can  ba  suapli^d  at  a  naminal  prica. 
Writa. 


SEARCH  RADAR  WITH  OR  WITHOUT  M.T.I. 
Madarn  transpartabla  radar  that  will  datact  air. 
craH  ta  200  aiilaa.  A  aiavinp  tarpat  Indicatar  at- 
tachmant  can  ba  suapliad  that  will  aliaiinata 

Sound  cluttar  and  display  aniy  tarpats  In  matian. 

in.  ranp#  *2  mi.  Bath  P  P.l.  and  **A**  saapa. 
600  KW  paak  pawar  Opar  trap.  1300  MC.  Can  ba 
suppllad  with  pas  ar  I  lOV  400  Cyc.  pawar  auuip. 
Waifht  2490  lbs.  OceasianaMy  wa  hava  AN  TPS- 
10  Setv _ 

MISC.  EQUIP. 

RC-l2e  7al0  Pat.  Printint  Facaiaiila  Trantcdlvar. 

Can  k«  wtad  an  a  wrira  dr  radio  clrcwlt . 5150 

CPN-t  X-Band  R.F.  ScMrta  40  KW  MOV  U  Cyc 
Inaut  cwmalalc  ..  $150 

CPN-17  S-Band  R.F.  Scwurca  40  KW  MOV  00  Cyc 
Indwt  cwndlalc  .  .  5150 

BC-I2S9  150-600  MC  Cwnmunlcatlwn  Raetr.  AM  A 
FM  MO  DC  A  12V  DC  Indwt . 5150 


If  There  is  anything  you  want 

that  othar  raodars  con  supply 

OR  .  .  .  something  you  don't  wont — 

that  othar  raodars  con  ua# 

Advertise  it  In  the 

SEARCHLIGHT  SECTION 


RESISIORS  S  CAPACITORS 

Any  Types  •  Any  Quontitioo 
nnj.Y  GUARANTEED 

ALEXIMMA 

4450  Livingatdii  Avo.  Now  York  71,  N.  Y. 


Monty  tatint  arlctt  an  twbat.  TV,  Radio,  Trant- 
mlltlnn.  and  Indattrial  Typat.  Nawi.  lat  twallty. 
•uarantaad.  Tat  nama  brandt  only.  Gavarnaiant 
twralwa  and  eamattrclal  taat.  lab.  and  camnanlea- 
lltnt  aaulamtnt  In  .lack.  Ball  at  yawr  aacaat  take, 
and  rawlamant.  Unatad.  Haan  twbat  af  all  tyaaa 
wrantad.  Send  taaeike  dataila  In  Scat  lattar.  Writ# 
tar  “Grtan  Skaat”  catalat  25*. 

BARRY  ELECTRONICS  CORP. 

512  Broadway  WA  5-7000  Ntw  York  12,  N.  Y. 
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EMPLOYMENT  OPPORTUNITIES 


AGENTS 

REQUIRED  FOR 
BRITISH  MANUFACTURER 


Well  known  Britith  Manufocturcr  of  Rodio 
Valves  (Tubes)  requires  live  ogents  for 
promotion  of  their  soles  in  U.  S.  A.  Ap¬ 
plicants  must  be  long  established  in  the 
tube  business  os  their  sole  interest,  with  o 
current  and  continuing  knowledge  of  tubes 
in  short  supply,  and  be  able  to  advise  on 
types  most  in  demand  ond  the  current 
prices  for  large  buyers. 

Write  ond  give  detoils  why  you  consider 
you  would  be  best  suited  for  this  live 
appointment. 


Kn  Electronire 

Cleee.  Ailv.  Itlv..  I’.O.  B.ix  12.  N  Y.  2*.  N.T. 


Seise  enfinssr.nienacsr.  sisetricel  er  slsctrentc 
•nflnssrliie  kacktrsune  tar  sslakllshse  nanutae- 
tsrsr  el  alsctrical  insulatlnf  Matsriali.  Mutt  siaks 
Ckieata  area  hems  sIScs  centaett. 

Uhutaal  seeartunitii  ts  rtfht  man  intarsstse  In 
svsntual  sart  eurnsrihts  at  ths  kntinsst.  In  reely 
Sivs  cemelsts  resume 

P.SS39. 

N.  Mirhlssn  .Stn.,  rhlraau  1.  111. 


CHIEF  ENGINEER 

PRECISION  ELECTRO-MECHANICAL  EQUIPMENT 
$13,000.00  to  $30,000  00 
Dynamic  Groerlnq  Midwest  Company. 
Contact  In  conikdenco. 

HERBERT  HAIBRECHT  ASSOCIATES 
332  Seuth  Michifan  Avenue  Ctilcate  4.  Illlnelt 
HA  7.2S7S 


GUIDANCE  ACOUSTICS  AERODYNAAIICS 
t  CONTROL  •  t  PROPULSION 


SYSTEMS  ANALYSIS 


SYSHMS  DESIGN 


IDEAL  LOCATION 

Gr«winf  e«nc«rn  locatod  In  Inrfn  ealinfn  t*wn  In 
^uthwtst  nM4i  •n|in«*r«  wttfi  nnt  tn  fnyr  ytart 
tiMnnncn  In  nlnctronies,  Mnra-mnchaniimt.  cam- 
Ruinro  ani  data  han4lin«.  Pratt  iharlni  m««I- 
bllMlat.  Wark  an  atfvaneat  tatraaa. 

DORSETT  LABORATORIES,  INC. 

401  East  Boyd  Street  Norman,  Oklahoma 


SYSTEMS  MANAGEMENT 


ENGINEERS 

ir  YOU  ha«P  bnm  lonkinc  for  an  Kmplf^rnrnt  A«<  nrv 
That  la  aklll<<t  In  tbn  STATE  Op  tHC  ART  nf 
Tt^hnlcal  lirpniitnimt  and  RELIABILITY  OF  IN* 
FORMATION  cnnt'prnlnR  p4Nilftnii<i.  nhT  not  ecNii* 
rrmnlcatr  with  un  at  imcr! 

AlaL  IMTRITIONP  FKK  PAID 
FIDELITY  PERSONNEL  SERVICE 
1210  ChMtnat  St.  Phita  7,  Pa. 

AarHaltal  In  ArUti^,  Rlartronfrt  nn^  A'NrIaanip* 


COMMUNICATIONS  •  COUNTERMEASURES 
DATA  PROCESSING 
t  DISPLAY 

The  Bendix  Systems  Division  is  located  in  a  new  two-story  structure  situated 
adjacent  to  the  Enejineering  campus  of  the  famed  University  of  Michigan  in 
Ann  Arlxjr.  Its  new  home,  built  this  year,  is  divided  equally  between  lalxtralory 
and  office  space.  The  first  among  several  new  units  planned  for  the  Division, 
this  building  is  designed  and  completely  equipped  for  the  research  and 
development  of  weapons  systems. 

The  Systems  Division,  staffed  with  qualified  engineers  and  scientists,  is 
devoted  to  the  exploration  of  new  approaches  to  the  development  of  military 
weapon  systems.  Serving  as  a  focal  point  for  the  entire  Bendix  C.orporation, 
it  assures  harmonious  transition  from  Ix'ginning  weapon  concept  to  final 
system  production. 

If  you  are  seeking  an  opportunity  to  engage  in  the  development  of  advanced 
weapxjn  systems  and  are  a  qualified  engineer  or  scientist,  you  are  invited  to 
write  the  Bendix  .Systems  Division,  Dept.  B926,  Ann  Arlx)r,  Michigan.  While 
working,  you  will  lie  able  to  adv’ance  your  education  by  attending  daytime 
classes  at  the  University  of  Michigan.  And  Ixjth  you  and  your  family  will 
enjoy  the  many  Ijcnefits  of  living  in  a  noted  university  town  in  the  heart  of 
Michigan’s  “Water  Wonderland.” 


POSITION  VACANT 


Electronic  Circuit  Deoign  CnBlnoero— -Boveral 

years  experieTice  and  graduate  tralnlns  desir¬ 
able  (but  not  required  I  for  rhallemrinir  cir¬ 
cuit  design  firoblems.  Ability  to  work  in  small. 
outstandinK  Kroup  on  varierl  hiah  caliber  <le- 
sian  projects  c.a*  computer  technifiues  ap¬ 
plication.  data  accumulation  and  reduction, 
pulse  amplifier  and  rliscriminator  desian. 
Phillips  petroleum  Company.  Atomic  Kneray 
Division,  P.Oo  Box  12r)9-C.R.  Idaho  Falls, 
Idaho. 


Your  inqttiriex  io  AdrertiAt*rs 
If  ill  //fire  Special  I  fi/i4<*  . .  . 


for  .vmi  rlir  sdM'Miirr  sml  tta*  puhlUhrr.  If  ymi 
int'ntUm  thU  ptil»llcstltio.  AdrertlMTH  istur  hishh 
(hilt  r$ldrn(*e  of  (hr  pohllcatlfm  yon  rosil.  tia(l<«ft«H| 
sthrrtt'krri  rnahlt*  (hr  puhlUhrrn  to  nreurr  iiiorr  sd 
^rnl-Arrii  and  iiiorr  Sfhf itlwTM  iii(‘an  morr  infiH 
iiisdon  i»n  inorr  pi{>fliiti.>*  or  l)H(rr  renict'  nwirr 
» slue— to  Yor. 


Bendix  Systems  Division 

ANN  ARBOR,  MICHIGAN 
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EMPLOYMENT  OPPORTUNITIES 


ELEQRONIC 

ENGINEERS 

needed  at 

MARTIN 

New  long-term  develop¬ 
ments  at  Martin  in  the 
field  of  electronics  have 
created  exceptional  op¬ 
portunities  for  top  elec¬ 
tronic  engineers.  At  least 
5  years  experience  re¬ 
quired.  Salaries  from 
$9,000  to  $15,000. 


Openings 
In  these  areas: 

•  Circuit  Design 

•  Systems 

•  Inertial  Guidance 

•  Countermea.sures 

•  Digital  Computers 

•  Test  Equipment  De.sign 

WRITE  TO: 


William  Spangler,  Manager 
ProfeMional  Employment 
Department  E-9 
The  Martin  Company 
Baltimore  3,  Md. 


MARTIN 

BALTIMORE 


BMEWS 


Ballistic  Missile  Early  Warning  System 

Now  .  .  .  RCA  challenges  engineers  with  positions  in  this 
project,  involving  •  Prime  importance  to  national  security  • 
Advanced  work  in  the  ICBM  field  •  World’s  most  advanced 
radar  system  •  Work  in  small,  creative  RCA  engineering 
groups  .  .  .  with  RCA  Moorestown’s  modern  facilities  .  .  . 
in  plea.sant  suburban  surroundings,  easily  accessible.  Receive 
liberal  RCA  benefits  . . .  fine  starting  salaries  . . .  and  enjoy 
every  advancement  po.ssibility. 

RCA's  Moorestown  Engineering  Laboratories 
need  EE’s,  ME's  and  Physicists  for  .  .  . 

•  SYSTEMS  ENGINEERING  •  DESIGN  &  DEVELOPMENT 

•  PROJECT  ENGINEERING  •  ENGINEERING  MANAGEMENT 

You  should  have  experience  in  one  of  these  areas . . . 

•  Hi  Power  Transmitter*  •  Receivers  •  Servomecha¬ 
nisms  •  Computers  •  Radar  Antennas  •  Microwave 
Components  •  Pulse  Circuitry  •  Cathode  Display  Devices 

FOR  INTERVIEW  WITH  ENGINEERING  MANAGEMENT 

Call  collect  or  write:  Mr.  W.  J.  Henry — BEImont  5-5000 
Engineering  Employment,  Dept.  V-10-J 
Radio  Corporation  of  America,  Moorestown,  New  Jersey 
Only  8  miles  from  Philadelphia 


CORPORATiOM  0f  AMMitiCA 

MISSILE  AND  SURFACE  RADAR  DEPARTMENT 


Taklt)  e 
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Because  this  firm 


SUPERIOR 

ZZ7 

ELECTRONICS 


CORPORATION 


210  PIAGET  AVE.,  CLIFTON,  N.  J 


INDEX  TO  ADVERTISERS 


Why  do  I  favor 
SUPERIOR 
ELECTRONICS 
for  electron 
GUN  MOUNTS? 


A>IP  Incorporate! 


OH  KIco  C'c»rp«»rHtloii 


Acc  EtcctronIcM  AM>»oclMtcK,  lnr« 


ISO  KIrctrIr  Kcoulntor  C'orp. 


AdHmH'KiiHitcll  C'o.*  Inc. 


Me’Ira  liiktriimcntii  Inc. 


Acroimutlciil  C'ommunlcatlon«  Btinipmcnt 


it  Has  pioneered  many  new 
manufacturing  techniques 
it  Is  constantly  improving  the 
quality  of  its  gun  mounts 
it  Offers  uniform  product  per¬ 
formance  and  dependable 
service 

it  Assures  me  of  fair  prices 


Air|>itx  l‘r<KlurlK  C 


Kmiilrr  ItrvU'rx  Prmlurt.  Corporal  Inn  .  ItO 


Allrshriiy  l.ualluiii  SIrrI  Carp. 


Krir  Klr<'lronl<->i  IllvUlon.  Krir  RraUtor 
Carp . 


KKlrrllnr-Aneoit  Campoax,  lar. 


.\mrrlrHn  Rnnaln  Carp. 


.\rn»l<i  KaplarrrlnK  Ca..  Thr 


Fnlrrhllil  Canlrnlo  Citrp..  Cnmpanrnla 
DlTlalon  . 


New!  110° 
deflection 
gun 


Bakrr  Chrmla-al  Ca.,  4.  T. 


Hraal  Chain  Mfa.  Co. 


Electro- 
static 
focus  gu 


U  M  l.abairalarlav.  Inr. 


Bril  Trirpliaana-  I.abaarataarlr« 


(iarrrll  Cnaiaairnllain,  Thr 


Braidix-Parinr  Ills,  of  Braaallx  Avhatlani 
Corp . 


(irairral  Crranilr*  Cairp. 


Electro¬ 

magnetic 

gun 


(iriirral  Elrrtrla-  Co. 

.\p|aaratiia>  . 

Tiabr  ItrpI . 

.Miapairtla-  MatraiaU  Mrrthan 


Urnrral  Raailai  Co. 


World's  oldest  and  largest 
exclusive  manufacturer  of 
quality  electron  gun  mounts 


Gcnltec«».  Inc 


C  H  H  ff>tn»n.  A  IH%*.  of  C'oliimhln 
BroHcicHMtiniK  S.vfttcm,  Iim* . 


Cambridge  Thermionic  C'orp....  10,  ^0.  t\, 


(>lco«C'«inMtMiitinr  EiicliicerliiK  l.tilM»ra 
torlcfi  C’o . 


C’hHncc  Voiiffht  Aircraft  Inc 


C'ohn  C'orp..  ^^Iffmiind 


llrll|M»t  IM%.  of  Beckmnii  Indtrnment' 


Control  Electranlcn  C'o.,  Inc. 


Spociot 


C'on«itantlnc  Enatnecrini:  lealM»ratorle«i  Co.  lOH 


lliitrlira  rr«NliictM,  a  INv.  of  IIiibIic« 
Aircraft  Co . . . 


Rcftcarch  Ammn'Im 


Now* 

Short  nock 
90”  pun 


C'CHotor  (C’Hnada)  l.lmltcd 


IlllnoU  Condcniier  Co. 


WRITE  FOR  DESCRIPTIVE  MATERIAL 


Cutlrr-Hnmmrr  Inr, 


Jrrraalal  Elrrtronla-e  Corp, 


Kay  EIrrtrtr  Cai. 


Krpro  laabaaratorlrs,  Inr. 


Easlrm  Inaluatrlr.,  Inr. 


KIntrl  IMvIklaaai  aaf  Cohu  Klrrlranilrk. 
Inr . 


Eallaann  Inatuaatrlrai,  Thaama*  A. 


CIRCLE  223  READERS  SERVICE  CARD 


September  76,  1958  —  ELECTRONICS  engineering  issue 


Klt*ln  A'  Mtithlaa. 


Ill 


Kmiirl  MiiiiufuHiifinc  Co.. . . 145 


l^unbtlH  Corp . . .  f 

I.Mpp  InMulnlor  Inr .  1I»A 

r<>r|N»rMtl«iii .  Xt 


^lilllary  iinil  C'e..  Inr.,  P.  R . .  51 

^nmnil  ln»truinrnt»,  Md . . .  ItX 

Mnrioii  Klri'trlml  Inwtrumriit  ('o. .  ltd 

ll4N»k  ('iimpiin>.  Thr.. .  Ml 

Mlrrown^r  Inr .  HU 

Mnllnnl  OtrmMM.  Ltd .  St 


>’nrdtt  C'lirporntlon  .  1S1 

Mrm»-f  Inrkr.  Inr .  I5t 

N(Hi>l.lnnir  Inr .  XS 

North  .%mrrtrnn  Avlntlon  Inr.  . . ItS.  IXI 


IHfnrr  KIrrtronIm,  Inr.  . . .  51 


PnrkMnI  HrII  Rlr«’triinlrii  .  IS 

Phalli  PlaNtlrn  Pori* .  It 

Phrl|»«i-lliMliir  t'opprr  Priidurt»  t'orp.. 

Int'H  Mfn-  IIW.  .  5S 

Phllrii  rnriHimtIiin  .  IX.*! 

Potter  A  Hnimfleld.  Inr .  113 

Potter  limtriiment  Cn..  Inr.  . .  IXX 


Radiation.  Inr.  . . . .  119 

Kadki  t  orporatlon  of  .\nierlra  ....Ith  <'o%er 

Radio  RaterlaU  t'ompany .  II 

Raytheon  Mf*.  Company . S.  134.  lit.  IXS 

Rotron  Raniifiirturlnff  t'o..  Inr .  I  IN 


HliniNMin  Klertrir  Company.... .  97 

Koreiiaen  A  C'o .  5 

M|»err>  Xllrrowii%e  Kleitronlm  Co.,  IMvl* 

•lion  of  Hperr>  Rand  Corp .  X7 

Mpraiiir  Klei'trlr  Co . 3,  17 

Hteven**  Arnold.  Inr .  I4X 

Htromheri-CarlMon  .%  lll%lNlon  of  tieneral 
llynamlm  ('orporatlon  . .  51 

Hti|>rrtor  Klertninirn  ('orp .  150 


From  General  Electric 


PLAIN  TALK  ON 
TANTALYTIC’^  CAPACITOR 
AVAILABILITY 


It’s  time  for  plain  talk  on  the  facts  of  tantalum  electrolytic 
capacitor  availability.  There  is  no  “availability”  problem 
as  far  as  General  Electric  is  concerned. 

Here’s  why: 

•  No  metal  shortage  -Stocks  of  capacitor -grade  tan¬ 
talum  have  doubled  within  the  past  year. 

•  No  production  capability  shortage — General  Electric’s 
production  facilities  have  tripled  in  the  past  year. 

•  No  delivery  bottlenecks — General  Electric’s  improved 
manufacturing  processes  and  techniques  have  virtually 
eliminated  production  rescheduling. 

•  Few  military  directive  priorities — Since  the  supply  of 
Tantalytic  capacitors  has  met  demand,  the  military 
requirements  can  be  met  without  directive  priorities. 

This  is  why  we  say — now  and  in  the  future,  General  Elec¬ 
tric  will  continue  to  provide  Tantalytic  capacitors  in  the 
types  and  ratings  you  want— when  you  want  them. 

For  specific  information  on  Tantalytic  capacitor  ratings, 
prices,  deliveries,  contact  your  nearest  General  Electric 
Apparatus  Sales  Office  or  write  to  General  Electric  Co., 
S^tion  449-4,  Schenectady  5,  N.  Y. 


*Kmgitt»r9d  Iredm  mark 
of  Comral  ttoclrk  C.. 


••Trod..«ork  of 
Gomrol  (iKfrk  C« 


SOIIO  TANTALYTIC  CAPACITOtS 
—far  lrtM.ittefii.4  cwcuit  oapli* 
catfam— ralad  ap  la  M  v^li, 
palar  anil,  anly— tiia.  dawn  ta 
e.l2S  India,  by  0.2M  mcliM. 


KSe**  TANTA- 
LYTIC  CAPACI* 
TORS-far  mi.- 
iiIm,  radar,  air- 
barnaalactranic 
aquipmanl  o^li- 
catian.— rating, 
ap  ta  3500  mfo— 
thrM  caM  .iia. 
1.375,  3.  1.5  iiKb- 
a.  in  baight. 


13SC  TANTALYTIC 
CAPACITORS-far 
aircraft  alactranic 
.y.tam.  —  rating. 
10-110  mfd,  30  ta 
100  valt..  Siia.  i/i  ta 
1*4  bicba.  in  baigbt. 
AIm  tabalar,  d»a- 
Ua-caMd  aniH. _ 


S3C  TANTALYTIC  CAPACITORS 
-far  applicatian.  raqairing  higb 
qaality  oat  arbara  tamparatara. 
ara  lau  Mvara. 
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i 

I 


HIGH 

DIELECTRIC 

COATING 


INSULATION 


SIGMUND  COHN  CORP.inc 


121  SOUTH  COLUMBUS  AVE.,  MOUNT  VERNON,  N.  Y. 


RECEIVERS 
•  CLARKE 


Trlrrhninir,  Inr, 


Trirrx  ljalM>ral»i1r« 


Tfxhk  fiiKlriimFiitM  InfiirixirHlFil 


Tiiiik-H4>I  KIrrtrIc,  Inc 


I'n^ar  Rlrrtrlc  Tools,  Inr, 


TYPE  1401 -A  RECEIVER-SPECIFICATIONS 

Type  of  Recaption . FM/FM  and  PWpa  FM 

Frequency  Range . 216-245  Megacycles  determined  by  plug-in  crystals. 

Noise  Figure  . less  than  7  db. 

IF  Kandwidth . Wide  band — 500  KC  bandwidth  at  3  db  points.  Attenuation 

500  KC  from  center  frequency  greater  than  60  db. 

Narrow  band^lOO  KC  bond-width  ot  3  db  points. 

Attenuation  ^250  KC  from  center  frequency  greater  than  60  db. 

Video  Output . Sensitivity  —0.16  volts  peok-to-peok  per  KC  of  deviation. 

Frequency  response  within  3  db.  AC  coupled— 10  CPS  to  100  KC 
per  second.  Ad|ustable  output  control  on  front  panel- 

Vu  Meter  in  Video 

Output  Circuit . Frequency  response,  flat  over  frequency  ronge  of  400  cycles  to 

80,000  cycles.  Provided  with  front  panel  adjustable  reference 
level  control. 

Spectrum  Display 

Output . Provisions  for  connecting  a  30  MC  Spectrum  Display  Unit 

(NEMS-CIARKE,  Inc.,  SDU-200) 

Frequency  Monitor 

Output . 30  MC 

Frequency  Deviotion 

Meter  . . ...Peak  reading  over  frequency  range  from  400  to  80,000  CPS 

Three  scales  25,  75  ond  150  KC. 


Wvlntu'liel  Kiipr.  A  Mfv.  C* 


A  DIVISION  OF  VITRO  CORPORATION  OF  AMERICA 
919  JESUP. BLAIR  DRIVE  •  SILVER  SPRING,  MARYLAND 
CIRCLE  225  READERS  SERVICE  CARD 


CLASSIFIED  ADVERTISING 
F.  J.  Ebcric,  Butintti  Mtr. 


EMPLOYMENT  OPPORTUNITIES. 148-149 


EQUIPMENT 

(Used  or  Surplus  New) 
For  Sale . 


ADVERTISERS  INDPX 


To  fill  a  need 
for  high 
temperature 
insulation 
in  a  high 
conductivity  wire. 
Precision 
drown  to 
close  resistance 
control  in  the 
smaller  sizes. 


Barry  Electronics  Company 
Bendix  Systems  Division... 


Dorsett  Laboratories  Inc 


Fair  Radio  Sales 


Fidelity  Personnel  Service . 

Halbrecht  Associates,  Herben  . 

Martin  Company  . 

Radio  Corp.  of  America . 

Radio  Research  Instrument  Co 
Technical  Systems  Corp . 


Write  If  List  ef 
froSuiU 


taken  to  make  It  accurate,  but  ELECTRONICS  aiiemee 


reiRenBlbilititt  fer  MTeri  er  omiiBtoni. 
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Solid  MnO;  electrolyte  cannot  leak. 


wixn  on 


ior»  builx 


Positive  twnd  to  solder  base  for  cathode 
connection  assured  by  copper  coating. 


Mounts  in  any  position  .  .  .  hermetically 
sealed,  metal  case  is  shock  resistant. 


Trodemork  of  Tciiat  Initrumonlt  Incorporated 

•ELECT  FROM  17  RATINOS  . . . 


6  Volt 

22  mI 

33^1 

47  pf 

60  mI 

200m(  j 

15-Volt 

10 

15 

22 

33 

100  i 

25-Volt 

5 

10 

15 

35 

55  i 

tolid  'tain±£ftlunn 


You  are  assured  of  precision  electrical  performance 
throughout  extra  long  storage  and  service  life  by  TI 
advanced  construction  techniques  and  high  purity 
materials  in  tan-Tl-cap  capacitors. 

^an-TI-cap  capacitors  are  ideally  suited  for  use  in 
transistor  and  other  miniature  circuit  applications  . . . 
firmly  anchored  leads  can  be  bent  sharply  close  to  the 
case  for  easy  mounting. 

Stable  electrical  characteristics  remain  within  narrow 
limits  throughout  temperature  range  (-80°  to  +85°C ) . 


I  I  I  I  I 


DfCafiS  CfNTIGIADC 


AVAILABLE  OFF  THE  SHELF  FROM  YOUR  NEARBY  DISTRIBUTOR 


NEW  3I0.000  sq  ft  SEMICONDUCTOR  COMPONENTS  DIVISION  HOME 


Texas  Instruments 

INCORPORATED 

SCMICONDUCTOn.COMPONCNTS  DIVISION 
^OST  OFFICC  SOX  SIX  •  13BOO  N.CKNTSAL  CXFStSSWAV 
DALLAS.  TKXAS 


V 


/ 


BCA-6L6-GB  offers 


RECORD  PERFORMANCE 


to  designers  of  “juke”  box,  public  address  and  home  phonograph  equipment 


Twenty-two  years  ago  RCA  introduced  the  6L6  beam- 
power  tube  and  a  new  era  in  high  power  audio  system 
designs  was  born.  Today,  the  modern  version  of  this 
famous  prototype,  the  6L6-GB  is  one  of  62  Preferred 
Tube  Types  available  to  meet  your  TV,  AM  and  FM 
receiver  requirements. 

As  a  Preferred  Tube  Type,  the  6L6-GB  receives  thor¬ 
ough  and  continuous  evaluation  for  performance,  quality 
and  low  cost.  For  example,  the  RCA-6L6-GB  was  devel¬ 
oped  with  a  smaller  envelope  than  the  6L6-G  to  meet  the 
need  for  compact  modern  design.  The  cathode  is  made 
of  a  specially  selected  alloy  to  provide  increased  strength 


and  rigidity... plate  and  mica  supports  are  thicker  and 
sturdier  for  increased  heat  dissipation. 

Ask  your  RCA  Field  Representative  for  full  informa¬ 
tion  on  the  RCA  Preferred  Tube  Types.  Or  w'rite  for 
technical  data  to  RCA  Commercial  Engineering,  Section 
I-19-Q-4.  Harrison,  N.  J. 

Free!  Slide  Guide  to  Preferred  Tube  Types  helps  you 
quickly  select  the  tube  needed  for  a  specific  service.  Puts 
base  diagrams  and  other  important  characteristics  at 
your  fingertips.  Call  or  write  your  RCA  Field  Office  for 
your  free  Slide  Guide.  < 
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